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SUPPORTING INNOVATION IN THE 21 ST 
CENTURY ECONOMY 


WEDNESDAY, MARCH 24, 2010 

House of Representatives, 
Subcommittee on Technology and Innovation 

Committee on Science and Technology 

Washington, DC. 

The Subcommittee met, pursuant to call, at 10:39 a.m., in Room 
2318 of the Rayburn House Office Building, Hon. David Wu [Chair- 
man of the Subcommittee] presiding. 
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HEAHING CHARTER 

U.S. HOUSE OF REPRESENTATIVES 
COMMITTEE ON SCIENCE AND TECHNOLOGY 
SUBCOMMITTEE ON TECHNOLOGY AND INNOVATION 

Supporting Innovation in the 
21st Century Economy 

WEDNESDAY, MARCH 24, 2010 
10:30 A.M.-12:30 P.M. 

2318 RAYBURN HOUSE OFFICE BUILDING 


1. Purpose 

Innovation, “the development of new products, services, and process,” ^ has had 
an indelible impact on the lives of Americans and is increasingly important for en- 
suring the well-being of the Nation’s economy. While new technology like the Inter- 
net dramatically changed society in a short period of time, such profound innovation 
has remained elusive in sectors like energy, where fossil fuels have dominated for 
over a century. This hearing will examine factors that drive innovation, as well as 
those that impeded it. In addition, this hearing will discuss the role of the Federal 
Government in promoting the innovation that is crucial for American prosperity. 

2. Witnesses 

o The Honorable Aneesh Chopra is the Chief Technology Officer of the 
United States at the White House Office of Science and Technology Policy, 
o Dr. Mark Kamlet is the Provost at Carnegie Mellon University, 
o Dr. Rob Atkinson is the President of the Information Technology and Inno- 
vation Foundation. 

o Dr. Dan Breznitz is an Associate Professor at the Sam Nunn School of 
International Affairs at Georgia Institute of Technology, 
o Mr. Paul Holland is a General Partner at Foundation Capital. 

3. Background 

First developed in the late nineteenth century, the telephone became one of the 
most important inventions in the twentieth century. The technology, made possible 
by previous research in sound and electricity, created a new industry and new infra- 
structure, and greatly enhanced productivity across the entire economy. However, 
it is notoriously difficult to predict the impact of technological advances on society 
and the U.S. economy. For instance, in 1983 prominent experts forecasted that the 
demand for mobile phones in the U.S. would total only one million by 1999. Instead, 
by that time, 70 million Americans had cell phones. Rapid improvements in tech- 
nology and reductions in costs made the original predictions obsolete.^ In contrast, 
a Massachusetts company started in 1998 with promising technology to revolu- 
tionize skin grafts suffered bankruptcy and near-collapse before solving the manu- 
facturing and logistical problems that allowed it to finally succeed a decade later.^ 

Regardless of the difficulty of predicting or creating it, economists have long stud- 
ied the impact of innovation on the U.S. economy. Nobel Prize winner Robert Solow 
found that approximately 85 percent of the growth in the U.S. economy from the 
late nineteenth century to the mid-twentieth century was the result of forces beyond 
the traditional economic inputs of labor and capital. These “intangible” inputs — 
namely R&D and a more educated workforce — grew in importance in the twentieth 
century as innovations moved away from physical-capital intensive technology ad- 


Strategy for American Innovation: Driving Towards Sustainable Growth and Quality Jobs, 
Executive Office of the President, National Economic Council, and the Office of Science and 
Technology Policy. September, 2009. 

^Innovation and Economic Growth, Nathan Rosenberg, Organization of Economic Cooperation 
and Development, 2004. 

^Innovation Interrupted, BUSINESSWEEK, June 15, 2009. 
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vancements, like railroads, to more research-intensive advancements, like DNA se- 
quencingA 

The increasingly competitive nature of the global economy has raised concerns 
among U.S. policy-makers and others that the U.S. has not sufficiently invested in 
maintaining leadership for the intangible inputs that drive innovation. The influen- 
tial 2007 National Academies Rising Above the Gathering Storm report took note of 
factors such as declining Federal investment in R&D, poor performance in math and 
science among American schoolchildren, and declining support for corporate R&D 
within the U.S. The authors recommended increasing support for science and engi- 
neering research and targeted action to improve American students’ capacity and 
interest in science, math, and related fields. Congress acted upon the recommenda- 
tions with the America COMPETES Act, which put the budgets of the National 
Science Foundation (NSF), the National Institute of Standards and Technology 
(NIST), and the Department of Energy Office (DOE) of Science on the path to dou- 
bling, and also provided for improvement in science and math education through 
teacher development. 

President Obama’s FY 2011 budget request includes $147.7 billion for R&D across 
the Federal Government, and reflects the commitments made in COMPETES by in- 
creasing the budgets of NSF (by eight percent), NIST (by 7.7 percent, core scientific 
and technical research services), and the DOE Office of Science (by 4.6 percent).® 
In addition to increasing R&D expenditures (with the goal of reaching a total R&D 
investment of three percent of GDP as a nation), the Administration has identified 
a number of other priorities which are key to supporting innovation for economic 
growth and job creation, such as broadband coverage, strong protection for intellec- 
tual property, better support of entrepreneurs, and increased effort to open-up for- 
eign markets to U.S. exports.® 

A number of Federal R&D programs use the word “innovation” within their titles 
or mission statements. For example, NSF spent nearly $50 million in FY 2009 on 
Industrial Innovation and Partnership funding and the Emerging Frontiers in Re- 
search and Innovation program (with an additional $19 million for ARRA (P.L. 111- 
5) funding). These programs fund a wide range of activities from research to making 
more efficient use of radio frequencies to developing measurements for sustainable 
construction practices and the development of applied mathematical models for com- 
plex engineered systems. The Department of Energy also makes a number of awards 
for innovation, such as the Energy Innovation Hubs to fund research to bridge the 
gap between basic scientific breakthrough and industrial commercialization. How- 
ever, the authors of Boosting Productivity, Innovation, and Growth Through a Na- 
tional Innovation Foundation ^ note that while the Federal Government invests bil- 
lions in R&D, there is very little funding directed toward “firm-level” innovation. 
They identified only two programs that focused directly on stimulating commercial 
innovation, NIST’s Manufacturing Extension Partnership Program and its Tech- 
nology Innovation Program. Other Federal programs, like the Defense Advanced Re- 
search Project Agency (DARPA) and the Small Business Innovation Research (SBIR) 
program focus on spurring technological development, but generally to accomplish 
a mission-related goal. 

The authors of the Boosting Productivity report recommend that the Federal Gov- 
ernment take a more active role in supporting innovation to help overcome some of 
the barriers faced by the private sector. These barriers, or market failures that dis- 
advantage innovation, include the pressure to shift corporate R&D away from long- 
term breakthroughs, towards short-term development projects and the difficulties 
faced in aligning the needs of universities and the private sector to enable effective 
collaboration. The authors propose creating a National Innovation Foundation to 
remedy the shortcomings in Federal innovation policy, which they view as ad-hoc, 
too focused at the Federal-level, and too narrow (e.g., very little Federal science and 
technology support directly for the service-sector). This Foundation, an independent 
Federal agency, would fund industry-university research partnerships, make state- 
level grants to help promote regional industry clusters and technology commer- 
cialization, assist small firms in adopting new technologies, and support innovation 
throughout the Federal Government. 


4 The Search for the Sources of Growth: Areas of Ignorance, Old and New, Moses Abramovitz, 
The Journal of Economic History, June 1993. 

^Federal Research and Development Funding: FY 2011, Congressional Research Service, 
March 2010. 

® Executive Office of the President, National Economic Council, and the Office of Science and 
Technology Policy. September, 2009. 

"^Boosting Productivity, Innovation, and Growth Through a National Innovation Foundation, 
ITIF & Brookings, April 2008. 
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Investment in innovation is not confined to the Federal level. Many states, recog- 
nizing that they now must compete globally, as well as with each other, are making 
investments to improve the innovation capacity of their economies. Collectively, 
states spend approximately $1.9 hillion per year on technology-hased economic de- 
velopment activity.® 

These types of initiatives, like the Oregon Nanoscience and Microtechnologies In- 
stitute, provide funds, facilities, and other services to high-tech start-up companies. 
Some states are also investing directly in R&D and in recruiting top science and 
engineering talent, such as Maryland’s $23 million per year investment in stem cell 
research and Kentucky’s decade long $350 million investment in recruiting top fac- 
ulty to its universities.® States make many of these investments not only to improve 
their economies over a range of sectors, hut also in an effort to spur the develop- 
ment of specific-industry clusters. The rise of Silicon Valley demonstrates the power- 
ful force of cluster development both to regional economic growth and to spurring 
innovation. The Council on Competitiveness has identified clusters as a critical ele- 
ment to advancing regional competitiveness and innovation capacity. The presence 
of related industries, though, is only one piece of a strong innovative economy. A 
multitude of factors, such as workforce, R&D capacity, demand conditions, avail- 
ability of capital, and local governance all affect the innovation capacity of regional 
economies.'^® 

A study of Rochester, New York, by the Council on Competitiveness, illustrates 
the need for all of these factors to enable innovation. The study found that Roch- 
ester had the fundamental building blocks for an innovation economy, but lacked 
both the capital and culture to take the necessary risks to innovate. The area, domi- 
nated by Eastman Kodak and Xerox, has two well-regarded universities, a strong 
K-12 educational system, a skilled workforce, and a good transportation and com- 
munications infrastructure. However, despite the fact that workers there produce 
six-times the average number of patents as workers elsewhere in the country, the 
area ranked very low in terms of licensing technology and launching start-ups or 
spin-out companies. The authors attributed the low rate of entrepreneurship to the 
fact that the area had long relied on a few strong corporate entities, contributing 
to a risk-averse culture. In fact, between 1995 and 2003, the area attracted only 0.6 
percent of the total venture capital market. The venture capital in the region tends 
to focus on the least risky opportunities. The report did note that the region is at- 
tempting to create coalitions around strengths like optics, and promote more collabo- 
ration between business and the universities.^^ 

Funding to bring new discoveries from the lab into commercialization is critical 
for innovation. Experts have noted the declining level of funding available for early 
stage commercialization — the money needed for proof of concept or prototype devel- 
opment. Angel investors, independent investors working with their own funds, have 
traditionally focused funding at this early stage, but their contributions have 
dropped dramatically, particularly with the recent economic downturn ($19 billion 
in 2008, down from a five-year high of $26 billion in 2007). At the same time, ven- 
ture capital investment is increasingly trending toward later stage investment. The 
NSE Science and Engineering Indicators reported that venture capitalists have 
largely abandoned seed and start-up stage funding from a high of nine percent in 
1996 through 1998, to a low of two percent from 2002 to 2004. Currently, such fund- 
ing stands at five percent, but this lack of early stage funding contributes signifi- 
cantly to the “valley of death phenomena” which makes commercialization of new 
technology notoriously difficult. 

Despite the increasingly competitive global environment, the U.S. is still a leader 
in knowledge and high-tech industries. According to the most recent National 
Science Foundation Science and Engineering Indicators, the U.S. provided 34 per- 
cent of knowledge intensive service industries (business, financial, and communica- 
tions) in 2007 and 30 percent of the global value added for high technology manufac- 
turing was accounted for by the U.S. However, the U.S. trade deficit in high-tech 
goods in 2008 was $80 billion, i® 


^Boosting Productivity, Innovation, and Growth Through a National Innovation Foundation, 
ITIF & Brookings, April 2008. 

^Innovation America: Investing in Innovation, National Governors Association, The Pew Cen- 
ter on the States, 2007. 

Clusters of Innovation Initiative: Atlanta-Columbus, U.S. Council on Competitiveness 
^'tpanning the Flames of Economie Progress: Igniting Greater Rochester’s Entrepreneurial 
Economy, U.S. Council on Competitiveness, September 2004. 

12 National Science Foundation Science and Engineering Indicators, 2010 
1® National Science Foundation Science and Engineering Indicators, 2010 
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4. Overarching Questions 

o What factors have enabled innovation in the past? 

o What is the role of the Federal Government in spurring innovation? 
o How can government best support entrepreneurs? 

o What factors enable regional innovation-based economic growth? 

How can these be encouraged and sustained? 
o How should efforts to create innovation be measured or assessed? 
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Chairman Wu. The hearing will come to order. 

Good morning, everyone. I would like to thank you all for being 
here, and also for helping us think about a very challenging topic 
and one that frequently doesn’t get addressed as well as in our Na- 
tion’s capital as sometimes it gets addressed elsewhere in the coun- 
try. We tend to get tied up in the issues of the day and the issues 
of the moment rather than looking a long ways down the road and 
also looking carefully at our own history, and it is very instructive 
that economists like Solow and others attribute at least 50 percent 
of our economic growth, and in some instances up to 90 percent of 
our economic growth, in the last century or especially in the post- 
war era is attributable to innovation, to things other than imme- 
diate changes in labor inputs and other factors. It is absolutely cru- 
cial that we understand the past in order to set our policies prop- 
erly today to have the future that we want for our country and the 
world. 

I view this as the beginning of a very important conversation 
that we are going to have here in the science and technology com- 
munity. I know that this is a discussion which many of you have 
been initiating elsewhere but I think that bringing this to the Con- 
gress and supporting the Administration’s efforts in this arena is 
absolutely crucial. 

So today we have a beginning of the conversation, and I look for- 
ward to holding probably several hearings on this topic and looking 
at what pieces of legislation we can initiate from this Sub- 
committee and from the Full Committee to better encourage the in- 
novative forces which have always been quite strong in our society 
and our economy but which sometimes suffer from some impedi- 
ments and it is our task both to remove those impediments and 
also to engage in those activities which truly promote innovation 
and all the things that we want from innovation. 

Chairman Wu. With that, I would like to recognize Ms. Biggert, 
the gentlelady from Illinois, for her opening statement. 

[The prepared statement of Chairman Wu follows:] 

Prepared Statement of Chairman David Wu 

Good morning. I would like to thank everybody for being at today’s hearing, par- 
ticularly our witnesses. 

Near the end of every year, Time Magazine publishes a list of that year’s best 
inventions. Some on the 2009 list include rubber from dandelions, a 3-D camera, 
and highly maneuverable underwater robots. At one point, no doubt Time’s list 
would have included the telephone, the transistor, or the polio vaccine. It is a chal- 
lenging exercise in imagination to look at lists like these and try to predict which 
discovery will have the same level of impact as the Internet or the combustion en- 
gine, which discovery will go nowhere, and which will be tomorrow’s airship — useful 
for a time, but made obsolete by superior technology. 

It is not an exercise in imagination to contemplate the impact innovation has had 
on our economy and our lives. Economists estimate that innovation has been respon- 
sible for 50 to 85 percent of the economic growth in this country. The importance 
of innovation — creating new ideas, products, and services — cannot be overstated. 
And in this global, highly competitive economy, it is increasingly the intangible in- 
puts of R&D, education, and entrepreneurial risk-taking that drive that growth. In- 
novation is key to creating new industries, and therefore key to the creation of 
American jobs. 

As I’m sure the witnesses will tell us today, the government’s commitment to 
funding research and education has had a major impact on fueling innovation. Inno- 
vation, though, is not just about expanding knowledge and making discoveries. Inno- 
vation brings new products and services into the marketplace that can then drive 
economic growth and future prosperity. 
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I hope the panel today can give us p'eater insight into the factors that have pro- 
moted innovation in the past and a picture of the health of our current innovation 
environment. I look forward to learning how the government can best support inno- 
vation. This is an important discussion to have as we look forward to reauthorizing 
America COMPETES. 

Ms. Biggert. Thank you, Mr. Chairman, and thank you so much 
for calling this hearing on supporting innovation in the 21st cen- 
tury economy. As we move forward reauthorizing the America 
COMPETES Act, we can always learn from new ideas, from listen- 
ing to a broad range of viewpoints, so I welcome that opportunity 
today. 

And likewise, the President should be applauded for taking a 
committed interest in innovation as he has demonstrated with his 
strategy for American innovation, and we welcome you, Mr. 
Chopra, to this side of the Capitol. 

But Chairman Wu, I think you will agree with me that innova- 
tion and competitiveness have long been at the forefront of this 
Committee agenda for as long as we have been members. I think 
we struggle to get some of our other members to be as engaged as 
we are, and I think you are right that in the hinterland there is 
probably a lot more emphasis on this. But we do understand its im- 
portance and we will continue to work towards ensuring that the 
United States remains the world’s leader in innovation, and it is 
not only imperative to maintain our competitive edge but also to 
strengthen our economy. 

And we took some major steps to reinforce our innovative future 
with the 2007 America COMPETES Act, which was a result of rec- 
ommendations from the Rising Above the Gathering Storm Report, 
and I think that is where we really took that on, the previous Ad- 
ministration’s American Competitiveness Initiative and the bipar- 
tisan leadership of this Committee, so as the chairman and I have 
both already mentioned, this hearing is a part of that reauthorizing 
process. 

We are still waiting to see the benefits of some of the initiatives 
put into place in COMPETES as well as the return on investment 
from the more than $10 billion dollars in stimulus funding for R&D 
within this Committee’s jurisdiction, so I hope that given our cur- 
rent economic climate, we proceed very cautiously with any new 
initiatives to spur innovation until we know our current invest- 
ments are worthwhile. 

So I want to thank our witnesses for being here today and I look 
forward to your testimony, and I yield back the balance of my time. 

[The prepared statement of Ms. Biggert follows:] 

Prepared Statement of Representative Judy Biggert 

Thank you, Mr. Chairman, for calling this hearing on supporting innovation in 
the 21st century economy. As we move forward on reauthorizing the America COM- 
PETES Act, we can always learn new ideas from listening to a broad range of view- 
points, so I welcome that opportunity today. 

Likewise, the President should be applauded for taking a committed interest in 
innovation as he has demonstrated with his Strategy for American Innovation, and 
we welcome you, Mr. Chopra, to this side of the Capitol. However, I am sure you 
will agree with me, Chairman Wu, that innovation and competitiveness have been 
at the forefront of this Committee’s agenda for as long as we have been Members. 
We understand its importance and will continue to work towards ensuring that the 
United States remains the world leader in innovation. It is not only imperative to 
maintaining our competitive edge, but also to strengthening our economy. 



8 


We took some major steps to reinforce up our innovative future with the 2007 
America COMPETES Act, which was a result of recommendations from the Rising 
Above the Gathering Storm Report, the previous Administration’s American Com- 
petitiveness Initiative, and the bipartisan leadership of this Committee. As the 
Chairman and I have both already mentioned, this hearing is part of that reauthor- 
ization process. 

We are still waiting to see the benefits of some of the initiatives put into place 
in COMPETES, as well as the return on investment from the more than $10 billion 
in stimulus funding for R&D within this Committee’s jurisdiction. I hope that, given 
our current economic climate, we proceed very cautiously with any new initiatives 
to spur innovation until we know our current investments are worthwhile. 

I would like to thank our witnesses for being here today, and I look forward to 
your testimony. I 3deld back the balance of my time. 

Chairman Wu. Thank you very much, Mrs. Biggert. 

If there are Members who wish to submit additional opening 
statements, your statements will be added to the record at this 
point. 

Now it is my distinct pleasure to introduce our witnesses. Mr. 
Aneesh Chopra is the Chief Technology Officer of the United States 
at the White House Office of Science and Technology Policy. Wel- 
come. It is absolutely wonderful to have an Administration which 
seems to really get it in terms of technology and innovation. Dr. 
Mark Kamlet, who is the Provost at Carnegie Mellon University. 
Dr. Rob Atkinson is the President of the Information Technology 
and Innovation Foundation. Dr. Dan Breznitz is Associate Pro- 
fessor at the Sam Nunn School of International Affairs at the Geor- 
gia Institute of Technology, and our final witness is Mr. Paul Hol- 
land, who is General Partner at Foundation Capital. 

Welcome, one and all. You will each have five minutes for your 
spoken testimony. Your written testimony will be included in the 
record for the hearing, and I commend this to all of us as audience 
and witnesses, the body of work in the written testimony is truly 
impressive for its completeness and hitting on so many of the 
issues important to innovation. Each Member will have five min- 
utes to question the panel after the spoken testimony, and Mr. 
Chopra, please begin. 

STATEMENT OF HON. ANEESH CHOPRA, CHIEF TECHNOLOGY 

OFFICER OF THE UNITED STATES, WHITE HOUSE OFFICE OF 

SCIENCE AND TECHNOLOGY POLICY (OSTP) 

Hon. Chopra. Well, thank you very much. Chairman Wu and 
Congresswoman Biggert. It is a pleasure to be with you and others 
here on the Subcommittee. 

It is my honor and privilege to discuss the President’s strategy 
for American innovation, an issue he addressed directly on Sep- 
tember 21, 2009, when he released his approach for sustainable 
growth and quality jobs. As Chief Technology Officer, I work to exe- 
cute on that strategy by harnessing technology, data and innova- 
tion to transform the Nation’s economy and to improve the lives of 
everyday Americans. As you noted, I will briefly summarize the key 
highlights of my testimony for us this morning, beginning with 
what we define as the nature of the problem, which we call the 
problems of bubble-driven growth of the past. So despite America’s 
economic strength historically, our economic growth has rested too 
long on what we believe to be an unstable foundation. Time and 
again, explosive growth in one sector of our economy provided a 
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short-term boost while masking what we consider to be some long- 
term weaknesses. A short-term approach to the economy masks the 
underinvestments in essential drivers of sustainable, broadly 
shared growth. It promotes temporary fixes over lasting solutions. 
That said, the American economy remains the most dynamic, inno- 
vative and resilient in the world. America’s strengths are clear: 
world-class research universities, flexible labor markets, deep cap- 
ital markets, and an energetic entrepreneurial culture. The United 
States must redouble its efforts to give our world-leading 
innovators every single chance to succeed. America cannot rest on 
our laurels while other countries are clearly catching up. 

So the need for innovation is clear. It is the foundation for dura- 
ble, sustainable expansion in both employment and economic 
growth. From our perspective, it begins with the development of a 
new product, service, or process. It then proceeds with widespread 
diffusion throughout our economy and at an appropriate scale, re- 
sulting in jobs and economic value. 

So what is the proper role for government? The Obama Adminis- 
tration proposes to strike a balance by investing in the building 
blocks that only the government can provide, setting an open and 
competitive environment for business and individuals to experi- 
ment and grow, and by providing extra catalysts to jump-start in- 
novation in sectors of national importance. I’d like to highlight just 
a few of those components, the building blocks of innovation. We 
are committed to making investments that will foster long-term 
economic growth and productivity including R&D, a skilled work- 
force, a leading physical infrastructure and widely available 
broadband networks. Given last week’s Federal Communication 
Commission’s release of the National Broadband Plan, I thought I 
would simply note we have established a broadband subcommittee 
within the National Science and Technology Council to advise this 
Administration on the actions it should take to promote broadband 
as a platform to improve the lives of everyday Americans and drive 
innovation in the economy. 

On the topic of promoting competitive markets that spur produc- 
tive entrepreneurship, here too we believe that this is a key imper- 
ative to create a national environment that is ripe for entrepre- 
neurship. Part of this strategy is to change the way Washington 
works by promoting a more open and innovative government. Yes- 
terday I was pleased to announce that the Defense Advanced Re- 
search Projects Agency, DARPA, will begin providing data on 
awardees in the Small Business Innovation Research Program that 
utilize a streamlined process for contracting and will extend this 
streamlined process to future SBIR solicitations starting with their 
one coming out on April 21st. Initially, DARPA will display data 
on the number of awardees that are eligible for this streamlined 
program, how many awardees have opted for it and the average 
number of days it took to complete. 

Now, what does this mean? Typically, contracting can take up to 
five or six months to complete after you have been given an award. 
But we believe this streamlined approach will take on average less 
than 60 days. That represents a 60 to 70 percent reduction in both 
time and cost, saving small businesses tens of thousands of dollars 
and letting them get to work months faster. 
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Finally, on the topic of catalyzing breakthroughs for national pri- 
orities, we are absolutely committed to harnessing the power of 
science, technology and innovation to address our challenges in 
clean energy, health care and, broadly speaking, the grand chal- 
lenges of the 21st century. Increasingly, our efforts to spur innova- 
tion on these matters rely on an effective, open and strategic col- 
laboration between the Federal agencies and the private sector to 
ensure that the technological innovation needed to tackle these na- 
tional problems is an opportunity for economic growth and job cre- 
ation. 

To that end, I am pleased to announce today that I am joining 
our Federal CIO [Chief Information Officer], Vivek Kundra, and 
OIRA [Office of Information and Regulatory Affairs] Administrator, 
Cass Sunstein, in establishing a new subcommittee on standards 
under the National Science and Technology Council’s Committee on 
Technology, which will be co-chaired by Patrick Gallagher at NIST 
[National Institute of Standards and Technology] as well as Phil 
Wiser from the Department of Justice. This interagency group will 
provide high-level leadership so that Federal agencies are strategi- 
cally focused and actively engaged in critical standards-related 
issues. The improved coordination will in turn ensure that agencies 
can work in a responsive and timely fashion with the private sector 
so that effective standards are developed or practiced to meet their 
needs. This subcommittee will work closely with the existing Inter- 
agency Committee on Standards Policy [ICSP], which also happens 
to be chaired by NIST. The subcommittee we announce today will 
provide direction and guidance to the ICSP and rely on them to ful- 
fill their traditional duties and coordinating assessing progress and 
so forth. 

In conclusion, Mr. Chairman, the United States is still the land 
of the future. We retain this honor because America’s scientists, en- 
trepreneurs and public officials have understood the importance of 
applying the power of American curiosity and ingenuity to the big- 
gest economic and societal challenges. Clearly, we welcome any 
questions you may have. 

[The prepared statement of Hon. Chopra follows:] 

Prepared Statement of Aneesh Chopra 

Chairman Wu, Ranking Member Smith, and Members of the Subcommittee, it is 
my distinct privilege to be here with you today to discuss the Obama Administra- 
tion’s Strategy for American Innovation. 

President Obama understands the importance of innovation for sustainable 
growth and quality jobs. On September 21st, 2009, he released his Strategy for 
American Innovation that identified three critical roles for the Federal Government: 
to invest in the building blocks of innovation; to create the right environment for 
private sector investment and competitive markets by, for example, promoting high- 
growth entrepreneurship, protecting U.S. intellectual property rights, and fostering 
an open government; and to serve as a catalyst for breakthroughs related to na- 
tional priorities such as clean energy, health care, and other “grand challenges” of 
the 21st century. 

In my capacity as Assistant to the President, Chief Technology Officer, and Asso- 
ciate Director for Technology in the Office of Science and Technology Policy, my mis- 
sion is to harness the power and potential of technology, data, and innovation to 
transform the Nation’s economy and to improve the lives of everyday Americans. 
The Administration envisions an economy in which jobs are more plentiful, Amer- 
ican firms are more competitive, Americans are safer and more secure, and energy 
use is cleaner and more economical. 



11 


Problems with the Bubble-Driven Growth of the Past 

Despite the American economy’s historic strength, our economic growth has rested 
for too long on an unstable foundation. Time and again, explosive growth in one sec- 
tor of our economy provided a short-term boost while masking long-term weak- 
nesses. In the 1990s, the technology sector climbed to unprecedented heights of 
valuation. The tech-heavy NASDAQ composite index rose over 650 percent between 
1995 and 2000, but then lost two-thirds of its value in a single year. 

After the tech bubble burst, a new one emerged in the housing and financial sec- 
tors. This type of growth isn’t just problematic when the bubble bursts, it is not en- 
tirely healthy even while it lasts. Between 2000 and 2007 the typical working-age 
American household saw its annual income decline by nearly $2,000. 

A short-term approach to the economy masks under-investments in essential driv- 
ers of sustainable, broadly-shared growth. It promotes temporary fixes over lasting 
solutions. This is patently clear when looking at how American education, infra- 
structure, healthcare, energy, and research — all pillars of lasting prosperity — were 
ignored during the last bubble. 

Despite this underinvestment in key drivers of growth, the American economy re- 
mains the most dynamic, innovative, and resilient in the world. America’s strengths 
are clear: world-class research universities, flexible labor markets, deep capital mar- 
kets, and an energetic entrepreneurial culture. The United States must redouble its 
efforts to give our world-leading innovators every chance to succeed. America cannot 
rest on our laurels while other countries are catching up. 

The Need for Innovation 

Innovation is at the core of a new foundation for durable, sustainable expansion 
in both employment and economic growth. Robert Solow won the Nobel Prize in eco- 
nomics by showing that factors other than capital intensity, most notably advances 
in human knowledge and technology, accounted for almost 90 percent of the growth 
in America’s output per hour in the first half of the last century. Growth accounting 
has been refined since Solow’s first attempts, yet contemporary research still shows 
that human skill and innovation remain far and away the most powerful force for 
improving prosperity over the long-run, which is exactly what we need. 

Given its importance, the process of innovation cannot be taken for granted. It 
begins with the development of a new product, service or process. But it does not 
end there. To create value, a new idea must be implemented. Thus successful inno- 
vations will diffuse throughout an economy and across the world, impacting various 
sectors and sometimes even creating new ones. A diffused innovation must then 
scale appropriately, reaching an efficient size at which it can have a maximal effect. 

The full process — from development to diffusion to scaling — has many variables 
and many inputs. Ideas often fail before they make it through the full chain. But 
those that do succeed can create value and jobs while improving people’s lives. 

It is essential for the long-run prosperity of our society that innovations flourish 
and progress along this chain. And here, government has a fundamental role to 
play. 

The Appropriate Role for Government 

While it is clear that a new foundation for innovation and growth is needed, the 
appropriate framework for government involvement is still debated. Some claim that 
the laissez-faire policies of the last decade capture the right strategy, and that the 
recent crisis was the result of too much rather than too little government support. 
Another view is that the government must dominate certain sectors, protecting and 
insulating those areas thought to be drivers of future growth. The Gbama Adminis- 
tration rejects both sides of this unproductive and anachronistic debate. 

The United States proposes to strike a balance by investing in the building blocks 
that only the government can provide, setting an open and competitive environment 
for businesses and individuals to experiment and grow, and by providing extra cata- 
lysts to jumpstart innovation in sectors of national importance. 

A Strategy for American Innovation 

President Obama has already taken historic steps to lay the foundation for the 
innovation economy of the future. In the Recovery Act alone the President com- 
mitted over $100 billion to support groundbreaking innovation with investments in 
energy, basic research, education and training, advanced vehicle technology, health 
IT and health research, high speed rail, smart grid, and information technology. 
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The Obama Innovation Strategy has three parts: investing in the building blocks 
of innovation, promoting competitive markets that spur productive entrepreneur- 
ship, and catalyzing breakthroughs for national priorities. 

Investing in the building blocks of American innovation 

President Obama is committed to making investments that will foster long-term 
economic growth and productivity. These investments are in areas that include re- 
search and development, a skilled workforce, a leading physical infrastructure, and 
widely available broadband networks. 

Recognizing the need for long-term and sustained investments in R&D, President 
Obama has pledged to complete the doubling of funding for three key science agen- 
cies, the National Science Foundation, the laboratories of the National Institute of 
Standards and Technology, and the Department of Energy’s Office of Science. In his 
landmark address before the National Academy of Sciences, President Obama set 
a goal of lifting the sum of public and private investment in R&D to three percent 
of GDP, which would exceed the level achieved at the height of the space race. As 
the President noted, “science is more essential for our prosperity, our security, our 
health, our environment and our quality of life than it has ever been before.” To 
encourage private sector investment in R&D, the President has proposed making 
the Research and Experimentation Tax Credit permanent. The Obama Administra- 
tion is working to increase the impact of this investment by providing greater sup- 
port for university commercialization efforts, for high-risk, high-return research, for 
multidisciplinary research, and for scientists and engineers at the beginning of their 
careers. Eor example, the National Science Foundation’s FY 2011 budget proposes 
to double support for the Partnerships for Innovation program, which will help uni- 
versities move ideas from the lab to the marketplace. 

The Obama Administration is committed to expanding access to broadband. Last 
week, the Federal Communications Commission (FCC) released the National 
Broadband Plan, called for in the American Recovery and Reinvestment Act, to 
identify ways to expand access to broadband and promote economic growth and job 
creation. 

In his statement on the plan’s release, the President committed to “build upon our 
efforts over the past year to make America’s nationwide broadband infrastructure 
the world’s most powerful platform for economic growth and prosperity.” To that 
end. I’ve established a Broadband Subcommittee of the National Science and Tech- 
nology Council’s Committee on Technology, to focus closely on the plan that the 
FCC — an independent agency — produced, and to advise the Administration on the 
actions it should take to promote broadband as a platform to improve the lives of 
everyday Americans and drive innovation in the economy. 

Promoting competitive markets that spur productive entrepreneurship 

The Obama Administration believes that it is imperative to create a national envi- 
ronment that is ripe for entrepreneurship and risk taking, and allows U.S. firms to 
compete and win in the global marketplace. The Administration is pursuing policies 
that will promote U.S. exports, support open capital markets, encourage high- 
growth entrepreneurship, invest in regional innovation clusters, and improve our 
patent system. The Administration also strongly supports public sector and social 
innovation. 

Competitive, high-performing regional economies are the building blocks for na- 
tional growth, and the Administration is stepping up its efforts to cultivate regional 
economic clusters across the country. For example, the Administration has just an- 
nounced a $130 million competition for an Energy Regional Innovation Cluster. This 
pilot project is designed to spur regional economic growth while developing energy 
efficient building technologies, designs, and systems. This will allow a region to de- 
velop a strategy that includes support for R&D, infrastructure, small and medium- 
sized enterprises, and workforce development. 

Innovation must occur within all levels of society, including the government and 
civil society. The Obama Administration is committed to increasing the ability of 
government to promote and harness innovation. The Administration is encouraging 
departments and agencies to experiment with new technologies that have the poten- 
tial to increase efficiency and reduce expenditures, such as cloud computing. The 
Eederal Government should take advantage of the expertise and insight of people 
both inside and outside the Eederal Government; use high-risk, high-reward policy 
tools such as prizes and challenges to solve tough problems; support the broad adop- 
tion of community solutions that work; and form high-impact collaborations with re- 
searchers, the private sector, and civil society. 
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The Administration launched the White House Open Government Initiative to co- 
ordinate Open Government policy, support specific projects, and design technology 
platforms that foster transparency, participation and collaboration across the Execu- 
tive Branch. The principles of open government help to advance a set of key na- 
tional priorities with emphasis on demonstrating tangible benefits for the American 
people. 

As an example, I am pleased to announce that the Defense Advanced Research 
Projects Agency (DARPA) will begin providing data on awardees in the Small Busi- 
ness Innovation Research (SBIR) program that utilize a streamlined process for con- 
tracting, and will extend this streamlined process to future SBIR solicitations. The 
SBIR program is one of the major Federal Government programs used to support 
innovative technologies in America — yet the paperwork is cumbersome, lengthy and 
time consuming. These new steps represent a significant improvement — think of 
this as the 1040 EZ for Federal Government innovation grants. Initially, DARPA 
will display data on the number of awardees that are eligible for this streamlined 
process, how many awardees opted to utilize this process, and the average number 
of days it took to complete the streamlined agreement. In addition, the next round 
of DARPA’s SBIR solicitations, scheduled for April 21st, will for the first time an- 
nounce the wide availability of this streamlined option. 

Typically contracting would take from five to six months to complete, but we be- 
lieve that the streamlined approach will take on average less than 60 days. This 
represents a 60 to 70% reduction in the time and cost, saving small businesses tens 
of thousands of dollars and letting them get to work months faster. 

By taking these steps, the Federal Government is matching young, innovative 
companies responsible for creating new technologies, new jobs and America’s future 
economic growth with Federal funding that meets their needs. 

Catalyzing breakthroughs for national priorities 

President Obama is committed to harnessing science, technology and innovation 
to unleash a clean energy revolution, improve America’s health care system, and ad- 
dress the “grand challenges” of the 21st century. 

Smart Grid Technologies 

Modernization of the Nation’s electric grid is a vital component of efforts to build 
a low-carbon economy. The “smart grid” will help provide consumers with the infor- 
mation, automation, and tools they need to control and optimize energy use. The 
tools and services enabled by the smart grid will improve the reliability, security, 
and efficiency of the electric grid. Smart grid technologies can facilitate energy gen- 
eration from clean energy supplies and enable more effective integration with the 
electricity delivery system of renewable energy sources, demand response resources, 
and plug-in electric vehicles. The National Institute of Standards and Technology 
(NIST) has coordinated an unprecedented, open, and transparent public/private col- 
laboration involving over 550 companies, organizations and government agencies to 
create the interoperability standards needed to foster innovation in the electric grid. 

One month ago, in conjunction with NIST, we broadened participation by launch- 
ing the Smart Grid Forum, an on-line forum focused on the Nation’s energy con- 
sumers with an emphasis on spurring innovation in smart grid products and serv- 
ices. We received comments from over 130 individuals and organizations contrib- 
uting their solutions to some of the most challenging smart grid goals that we 
have — from deployment of smart grid solutions, to development of standards needed 
for information exchange, to ensuring cybersecurity in the smart grid. 

Healthcare IT 

Another important Presidential priority is improving our health care system. 
Broad use of health information technology has the potential to improve health care 
quality, prevent medical errors, increase the efficiency of care provision and reduce 
unnecessary health care costs, reduce paperwork, increase administrative effi- 
ciencies, expand access to affordable care, and improve population health. The Re- 
covery Act provides support for the deployment of health information technology, 
such as electronic health records. The Office of the National Coordinator for Health 
IT and the Centers for Medicare & Medicaid Services are working to ensure that 
health information technology products and systems are secure, can maintain data 
confidentially, can work with other systems to share information, and can perform 
a set of well-defined functions. NIST, in coordination with the Office of the National 
Coordinator and others, is accelerating the adoption of health IT standards by pro- 
viding the critical testing infrastructure needed to achieve these goals. 
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One month ago, the Office of the National Coordinator for Health IT announced 
a new collaborative, NHIN Direct, which will organize a set of standards, services 
and policies that enable secure health information exchange over the Internet 
(www.nhindirect.org). Several Federal agencies and healthcare organizations are al- 
ready using the Nationwide Health Information Network (NHIN) technology to ex- 
change information amongst themselves and their partners. This new effort will pro- 
vide an easy “on-ramp” for a wide set of providers and organizations looking to 
adopt the exchange of health information — and provide a framework to spur innova- 
tion in support of direct communication amongst providers, and between providers 
and patients — in a secure and simple manner. 

Grand Challenges 

Finally, the Obama Administration believes that grand challenges should be an 
important organizing principle for science, technology and innovation policy. They 
can address key national priorities, catalyze innovations that foster economic growth 
and quality jobs, spur the formation of multidisciplinary teams of researcher and 
multi-sector collaborators, bring new expertise to bear on important problems, 
strengthen the “social contract” between science and society, and inspire students 
to pursue careers in science, technology, engineering, and mathematics. The Presi- 
dent’s innovation strategy sets forth a number of grand challenges, such as solar 
cells as cheap as paint, educational software that is as compelling as the best video 
game and effective as a personal tutor, and early detection of diseases from a saliva 
sample. The National Economic Council and the Office of Science and Technology 
Policy are encouraging multi-sector collaborations to achieve these grand challenges 
that might involve companies, research universities, foundations, social enterprises, 
non-profits, and other stakeholders. 

The Way Forward 

Thanks to President Obama’s leadership, the Administration has taken large 
strides in developing and implementing an ambitious innovation agenda. The Recov- 
ery Act alone provides over $100 billion to support research and development and 
the deployment of advanced technologies such as clean energy, health IT, the smart 
grid, and high-speed rail. This commitment to investing in America’s future con- 
tinues in the President’s most recent budget, with sustained support for research, 
entrepreneurial small businesses, education reform, college completion, and a 21st 
century infrastructure. 

The Administration is working with a wide range of stakeholders to identify the 
most promising ideas for implementing and further refining the Administration’s in- 
novation strategy. There are active inter-agency working groups on issues such as 
prizes and challenges, regional innovation clusters, research commercialization, 
spectrum reform, broadband, open government, and standards. The National 
Science and Technology Council is leading multi-agency research initiatives in doz- 
ens of critical areas such as aeronautics, genomics, green buildings, nanotechnology, 
quantum information science, robotics, and information technology. Through the 
President’s Council of Advisors on Science and Technology, the Administration is 
able to receive high quality advice from the Nation’s leading scientists, engineers 
and innovators on issues such as health information technology, advanced manufac- 
turing, clean energy, and STEM education. 

America has always been a Nation built on hope — hope that we can build a pros- 
perous, healthy world for ourselves and for our children. These long-standing Amer- 
ican aspirations depend critically on our far-sighted investments in science, tech- 
nology and innovation that are the ultimate act of hope and will create the most 
important legacies we can leave. 

The United States is still the land of the future. We have held that honor since 
this continent was discovered by a daring act of exploration more than 500 years 
ago. We have earned it anew with each passing generation because America’s sci- 
entists, entrepreneurs and public officials have understood the importance of apply- 
ing the power of American curiosity and ingenuity to the biggest economic and soci- 
etal challenges. 

I welcome any questions that the Committee may have. 

Biography for Aneesh Chopra 

Aneesh Chopra is the Chief Technology Officer and in this role serves as an As- 
sistant to the President and Associate Director for Technology within the Office of 
Science & Technology Policy. He works to advance the President’s technology agen- 
da by fostering new ideas and encouraging government-wide coordination to help 
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the country meet its goals from job creation, to reducing health care costs, to pro- 
tecting the homeland. He was sworn in on May 22nd, 2009. Prior to his appoint- 
ment, he served as Secretary of Technology for the Commonwealth of Virginia from 
January 2006 until April 2009. He previously served as Managing Director with the 
Advisory Board Company, a publicly-traded healthcare think tank. Chopra was 
named to Government Technology magazine’s Top 25 in their Doers, Dreamers, and 
Drivers issue in 2008. Aneesh Chopra received his B.A. from The Johns Hopkins 
University and his M.P.P. from Harvard’s Kennedy School. He and his wife Rohini 
have two young children. 

Chairman Wu. Thank you very much, Mr. Chopra. 

Dr. Kamlet, please proceed. 

STATEMENT OF DR. MARK KAMLET, PROVOST, CARNEGIE 
MELLON UNIVERSITY 

Dr. Kamlet. Chairman Wu, thank you very much, and it is an 
honor to be able to participate in this hearing. 

As Provost and Executive Vice President of Carnegie Mellon, I 
am here today to offer perspectives on supporting innovation from 
the trenches, so to speak. I will cover two main areas in my brief 
remarks. First, I would like to offer a quick overview of Carnegie 
Mellon’s experience in helping to shape a pathway from research 
to innovation, and second, based upon these experiences, I will 
offer a few thoughts for your consideration on Federal policies that 
can help ensure continued U.S. leadership in technology -based in- 
novation in the future. 

I should say that as with our peer institutions, we have benefited 
immeasurably from the strong historic partnership with the Fed- 
eral Government that has made the American research university 
truly unique in the world as an engine for new business creation, 
and of course, this partnership was dramatically energized by the 
Bayh-Dole Act, which over the last 30 years has made technology 
transfer a critically important university mission. But Carnegie 
Mellon’s experience highlights the importance, as well, of sup- 
porting the Federal investment in research with deliberative strat- 
egies that create a culture of innovation and speed research to the 
marketplace. At Carnegie Mellon, we have implemented two stra- 
tegic thrusts to directly accelerate commercialization. 

First, we overhauled our tech transfer process in 2004 to create 
a streamlined, transparent approach for faculty seeking to create 
new companies known as our “5% go in peace” policy, named such 
because of the fact that we cap university equity at five percent, 
up to $2 million dilution event, and that this strategy has largely 
removed the conflicts that often accompany negotiations over fac- 
ulty startups. Combined with a series of supporting initiatives that 
range from widespread entrepreneurial education for faculty and 
students, to the placement of embedded entrepreneurs right in the 
heart of research labs, the 5% go in peace approach has more than 
doubled our rate of new business creation. We now have 10 to 20 
new companies that we launch each year, and we rank consistently 
among the top three universities in the Nation in surveys by 
AUTM [Association of University Technology Managers] of univer- 
sity startups and first among universities without a medical school. 

Our second major strategic thrust has been a campus-wide com- 
mitment to regional economic development born from a sense of our 
need to contribute to our region’s recovery from the collapse of the 
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steel industry. That focus has included aggressive efforts to directly 
link faculty research to the attraction of companies to Pittsburgh. 
As a result of this focus on economic development, we have suc- 
ceeded in helping bring companies such as Apple, Intel, Google, 
Disney and Caterpillar to Pittsburgh. 

More critically, this economic development commitment has fos- 
tered a vibrant environment for the industry-university research 
collaboration as with the burst of new startups created by our 5% 
go in peace policy. The collaborations stemming from this focus on 
economic development have created new channels for commer- 
cializing university research. 

Let me offer three key suggestions on what lessons the Carnegie 
Mellon experience may hold for policies that can support innova- 
tion. First, I believe that we can significantly improve the climate 
for innovation by focusing small but targeted Federal investments 
to fill the gap between the end of basic research and the point 
where private investments or even SBIR funding can support start- 
up development or licensing. This gap often involves the develop- 
ment of pre-commercial prototypes and other early market tests. 
The Obama Administration has proposed $12 million in the innova- 
tion ecosystem funding in the NSF budget. This and ideas such as 
the notion of regional prototype centers offered by Secretary Locke 
will be valuable steps towards filling this gap. This funding should 
come with strings that hold universities accountable for creating 
the policies and environment necessary for commercialization to 
thrive. 

Second, I believe there is great promise in seeking to identify 
niche areas for Federal science funding where greater synergy can 
be created between basic research and technology development to 
accelerate commercialization. For example, over the last two years, 
faculty from Carnegie Mellon have joined with colleagues at ten 
other universities and a range of industry leaders to create a road- 
map for commercial robotics. This roadmap outlines a shared vision 
for advances in both fundamental research and shorter-term bar- 
riers to commercial application that must be addressed to dramati- 
cally expand the U.S. robotics industry. 

Finally, we need to create the equivalent of a Bayh-Dole Act for 
university-industry collaboration, a broad framework that can rein- 
vigorate partnership development. Two pillars to build this frame- 
work would include a lessening of restrictions that impede the abil- 
ity of universities to conduct exclusive research for companies in 
buildings funded with tax-exempt bonds and more focused provi- 
sions for the industry-university collaboration in the R&D tax cred- 
it. 

In closing, I want to thank the Members of this Committee for 
their commitment to preserving U.S. leadership in science and 
technology. I have witnessed the fruit of it directly in the research 
labs at Carnegie Mellon and we are grateful for your leadership. 
Thank you very much. 

[The prepared statement of Dr. Kamlet follows:] 
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Prepared Statement of Mark Kamlet 


Introduction 

Thank you Chairman Wu, Ranking Member Smith, and Members of the Com- 
mittee for the opportunity to speak to you today and to share perspectives on strate- 
gies to maintain and reinvigorate the leadership of the United States in innovation- 
led job and business growth. My name is Mark Kamlet. I am the Provost and Execu- 
tive Vice President of Carnegie Mellon University. 1 serve as the chief academic offi- 
cer of CMU but 1 have also been very engaged in our tech transfer policies and di- 
rectly involved in a number of university spin-out companies. 1 also serve on the 
National Academy of Sciences panel on intellectual property — though my remarks 
today reflect only my views and not those of the panel. 

My comments will focus on two key areas. First, 1 will share briefly with you Car- 
negie Mellon’s experience in seeking to create a culture that accelerates the path 
from basic research to commercialization. Second, my remarks will seek to discern 
lessons from these experiences that may be of value as you assess policy options to 
ensure that the U.S. remains the world leader in innovation and, particularly, the 
capacity for innovation to stimulate broad-based economic opportunity. 

However, it is important that 1 first begin by thanking you and the members of 
this Committee for your tireless support of the advancement of science and tech- 
nology. This Committee has been a steadfast proponent of policies to maintain U.S. 
science excellence and an “incubator” of the kinds of creative ideas needed to refresh 
and rejuvenate our leadership for a changing world. 1 have witnessed the impact 
of this leadership directly in labs within Carnegie Mellon and 1 am grateful for your 
efforts. 

Recognizing Our Strengths: The Vitality of the American Research Univer- 
sity Partnership 

An effort to assess future directions for U.S. innovation policy must begin with 
recognition of the core vision and values that have been at the heart of our success 
to date. The fundamental partnership between the Federal Government and Amer- 
ican higher education in the post-war period to create the modern research univer- 
sity has been the greatest catalyst to economic growth in the last half century. 
While the U.S. faces intense competition in the global economy it is worth noting 
that we possess one asset that no other nation has yet duplicated — the capacity of 
university based research to launch high growth companies. There is virtually no 
equivalent of “Google” emerging from dorm rooms in universities in Europe or Asia. 
This is an asset we must seek to nurture for the future. 

The power of this partnership in creating the modern research university was in 
my view greatly enhanced by the passage of the Bayh-Dole Act. Bayh-Dole extended 
this partnership by fully engaging universities in technology transfer and spin-out 
development. At its essence, the Bayh-Dole Act created a vehicle for leveraging U.S. 
investment in basic research into a stronger engine for commercialization. 

Bayh-Dole was enacted at a time when the U.S. economy faced economic chal- 
lenges nearly as severe as those we currently confront. In 1980 the U.S. economy 
was beset by double digit unemployment and double digit inflation. The rise of 
international competition had brought the phrase “rust belt” into the popular lexi- 
con for the first time. In Pittsburgh, America’s epicenter of economic dislocation in 
the early 1980s, over 100,000 jobs were lost in the steel industry in less than three 
years. 

The Bayh-Dole Act created the foundation for the innovation-led recovery of the 
1980s and the growth of the 1990s. Since the enactment of Bayh-Dole the university 
community’s commitment to technology transfer has skyrocketed. The number of 
university tech transfer programs increased from 30 to over 300. Over 5,000 new 
companies have been created and university-based patents and product introduc- 
tions have also risen dramatically. 

Without question 1 believe that the U.S. investment in science and basic research 
would never have produced the commercial and job dividends so vital over the last 
two decades without the Bayh-Dole Act and its impact on energizing universities to 
become partners and advocates for commercialization. 

But while a recognition of those historic strengths is vital to charting a course 
forward, past achievements are no guarantee for a future where we face funda- 
mental new challenges from increasing international competition, a critical need to 
overcome a period of stagnation in Federal support for basic research, some evidence 
of a plateauing in university-based patenting trends and unmistakable indications 
that the vital link between basic research and innovation-led job growth has weak- 
ened if not broken completely. I will seek to identify lessons from Carnegie Mellon’s 
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experiences that may hold promise for writing a new chapter in the innovation com- 
pact between the Federal Government and American universities. 

Searching for Strategies to Rejuvenate Innovation: Lessons from Carnegie 
Mellon’s Experiences 

Carnegie Mellon University brings perspectives on these challenges from a rel- 
atively unique history among leading American research universities. Created in 
1900 to be a technical trade school for the sons and daughters of steelworkers, the 
University is the youngest Top 25 research institution in the U.S. Our roots have 
instilled a focus on practical problem solving and a culture of interdisciplinary re- 
search that have been critical to our capacity to stimulate innovation. 

Nevertheless, we have faced the challenge of having to forge policies and a cul- 
tural environment capable of generating significant results. Upon becoming provost 
in 2000, I confronted the strong findings of a University committee convened to 
guide the search for my position that concluded that Carnegie Mellon’s tech transfer 
process was broken. The Committee found that the policies and processes in place 
at that time instilled conflict between the University and our faculty and choked 
off both commercialization and start-up creation. 

Our response was an overhaul of Carnegie Mellon’s tech transfer process and the 
creation of what we call the “5% go in peace” approach. This approach creates a 
streamlined, common template for faculty based start-ups that limits university eq- 
uity to 5% capped at a $2 million dilution event, establishes clear royalty guidelines 
with a three year delay in payments and ensures virtually no University inter- 
ference in start-up operations. This streamlined template has been augmented by 
supportive policies that allow faculty to incubate companies in University labs for 
short periods and that also allow faculty to hold C-level positions in the companies 
they create. 

The 5% go in peace program has also been bolstered by the establishment of a 
supportive innovation ecosystem across the University. This ecosystem consists of 
aggressive entrepreneurial training and outreach that engages over 10% of the stu- 
dent population each year. It also includes the strategic placement of entrepreneurs 
in residence in key areas to jump start the development of ideas for new companies. 
In addition, a new initiative in computer science, known as Project Olympus, is 
bringing focused assistance on entrepreneurship to researchers in the earliest 
phases of research. One Project Olympus supported start-up was recently acquired 
by Google. Finally, we augment our streamlined processes for start-up creation with 
intense collaboration with regional economic development organizations to ensure 
that our companies have fertile ground for growth after leaving the University. 

The 5% go in peace approach has been a catalyst to innovation. The rate of uni- 
versity spin-outs has doubled since the implementation of this policy in 2004. Since 
2007, Carnegie Mellon has ranked number #1 among all U.S. universities without 
a medical school in the number of start companies created per research dollar spent 
and ranked number two in the Nation among all universities in 2008 (source: 
AUTM, the Association of University Technology Managers). 

On average the University creates 10 to 20 new companies each year. These start- 
ups range from robotics firms launching new applications for manufacturing and 
services, to video game companies, to a new battery storage company and a recent 
start-up that has developed a technology to utilize a person’s blood to engineer plas- 
tics for plates to be used in medical procedures in order to reduce rejection rates. 
While most of these start-ups focus on leading edge technologies, nearly one-third 
involve the manufacturing of products. University-based innovation is capable of far 
reaching impacts. 

This focus on creating an ecosystem to support start-ups has been mirrored by 
a University-wide commitment to economic development by Carnegie Mellon’s Presi- 
dent, Jared Cohon. This commitment has resulted in the creation of an on campus 
facility to ease the ability of companies to launch operations in Pittsburgh. The facil- 
ity is currently home to Apple, Intel and Google. Carnegie Mellon has also helped 
to attract Caterpillar, Disney Research and Rand to Pittsburgh. Other major tech 
leaders such as Network Appliance, Foster Miller and Cadence Design Systems have 
entered the Pittsburgh market by purchasing CMU-related companies. 

This focus on economic development has done more than simply contribute to the 
nearly 9,000 jobs created by Carnegie Mellon related companies in the Pittsburgh 
region that are central to the area’s recovery from the collapse of the 1980s. A Uni- 
versity wide commitment to economic development has helped to establish entirely 
new models for industry/university research collaboration — the second core compo- 
nent of the innovation equation. While each company tends to pursue its own 
unique model of collaboration ranging on a spectrum from open source research to 



19 


highly proprietary engagements, our experience demonstrates that a commitment to 
economic development is a vital catalyst to building the strong faculty/company rela- 
tionships that are essential to stimulating innovation. 

Challenges and Potential Strategies for the Road Ahead 

The Carnegie Mellon experience demonstrates that a focus on accelerating start- 
ups and a commitment to regional economic development as a core university mis- 
sion can help establish a culture of innovation that produces tangible commer- 
cialization outcomes. At the same time we confront clear challenges that illustrate 
the difficulties the Nation faces in accelerating innovation-led job growth. 

These challenges fall into two major areas. First, at a time when universities and 
the Federal Government face enormous fiscal challenges, the resources needed to 
advance basic research outcomes to the point where a determination can be made 
as to whether they provide the basis for licensing or start-up creation are virtually 
non-existent. 

The scale of resources required is not large. An investment of $100,000 in a prom- 
ising area, for example, can often enable a researcher to make the leap from concept 
to commercial potential. But currently, universities must rely on either internal 
sources or foundations for these funds and the net result is a lower return on U.S. 
investment in basic research. 

The Federal effort most applicable to meeting this gap is the SBIR program. How- 
ever, the need for pre-commercial prototyping is often-greatest before a researcher 
would be ready to start a firm and be SBIR eligible. 

The second challenge is the need to fundamentally reevaluate strategies to en- 
courage stronger partnerships between universities and new industry. While Car- 
negie Mellon’s focus on economic development has fostered important collaborations, 
the overall climate created by key tax policies is having a chilling effect on the ca- 
pacity to stimulate a stronger research partnership with companies. I believe that 
this climate is hindering our capacity to link university research to capturing manu- 
facturing opportunities in the U.S. 

Recognizing these two main challenges I would offer the following three rec- 
ommendations for consideration. 

(1) Create funding sourees to close the gap between basic research and 
commercialization 

I would strongly encourage Committee consideration of experimental ap- 
proaches to enhance investment in moving basic research outcomes closer 
to commercialization. The President has proposed one approach to fill this 
gap by including $12 million in the proposed FY 2011 NSF budget for Inno- 
vation Ecosystem grants. The goal of this proposal is to provide support for 
programs that link researchers to resources that can evaluate the potential 
for new business creation or commercial licensing earlier in the research 
process. 

Secretary Locke has also discussed the potential creation of regional “proto- 
type development centers” that would also facilitate pre-commercialization 
refinement of research activities. A national pilot program in efforts such 
as these could both test their effectiveness and foster the creative develop- 
ment of strategies. 

This funding should come with clear requirements however to ensure a 
Federal return. I would propose for example that to be eligible, universities 
must demonstrate that they have in place policies conducive to start-ups 
and commercialization and have created the economic development partner- 
ships vital to foster innovation. Where applicable these programs should 
also enhance collaboration among universities in the commercialization 
process. 

(2) Invest in Targeted Research Initiatives that have the Potential to 
Dynamically Link Fundamental Research and Commercialization 

The ability to stimulate innovation would also be enhanced by exploring op- 
portunities to target investments towards areas where a strong synergy ex- 
ists between advancements in basic research and near term commercial 
growth. 

For example, over the last two years researchers at Carnegie Mellon have 
joined their colleagues at ten other universities and a number of major com- 
panies to develop a roadmap for the future of U.S. commercial robotics. 
Funded by the Computing Community Consortium, the roadmapping proc- 
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ess focused on identifying near term, medium range and long term applica- 
tion and research needs. 

The outcome of this work is an integrated vision for linking continued 
progress in fundamental research areas vital to breakthrou^ advances 
with near term technology gaps that can accelerate new product innova- 
tions in manufacturing, health care, education and service applications. 
This approach harnesses the best strengths of U.S. research universities 
but creates a framework for collaborations on near term innovations that 
can stimulate new companies and technology transfer. I believe similar ini- 
tiatives in areas such as the science of learning or the brain sciences where 
major breakthroughs in fundamental research have recently been made 
could also be fertile ground for this type of approach. 

(3) Establish a National Focus on Rejuvenating Industry-University 
Collaboration 

Just as the Bayh-Dole Act ushered in a boom in university based start-ups, 
the U.S. is in need of an overall strategy or policy framework for increasing 
collaboration among companies and universities. Such a framework should 
assess both current barriers and opportunities for new incentives. 

One starting point for developing this framework would be an examination 
of the U.S. Teix code and Revenue Procedure 97-14 which places restric- 
tions on the ability of universities to effectively engage companies. This pro- 
cedure precludes companies sponsoring research projects from receiving 
preferential treatment in licensing. In effect, it requires universities to es- 
sentially stipulate that companies cannot own the IP coming from research 
they fund. It is a barrier unique to the U.S. and a major competitive dis- 
advantage. 

Efforts were made in Revenue Procedure 2007-47 to mitigate the impact 
of these provisions. But these changes still largely preclude the ability of 
companies to readily obtain exclusive licenses for research that they fund 
in buildings financed with tax exempt bonds. 

Arguments can be made that altering these provisions would foster unfair 
competition with private sector research or undermine the basic mission of 
universities. I believe these issues can be addressed and that the competi- 
tive challenges facing the U.S. demand that we try. 

A second starting point for this initiative would be to continue to explore 
modifications to the R & D tax credit that would incentivize university col- 
laboration. At a time when companies are increasingly off-shoring research 
operations, teix incentives for university collaborations could be a valuable 
tool for retaining innovation capacity in the U.S. 

Finally, an initiative to rejuvenate university/industry collaborations should 
focus specifically on opportunities to more closely link basic research to 
manufacturing. Carnegie Mellon is launching a campus-wide initiative 
called the Manufacturing Accelerator to create more direct pathways be- 
tween leading edge basic engineering and computer science research and 
manufacturing. 

The Accelerator will leverage a network of over 200 small and medium 
sized Pennsylvania firms to focus basic research on industry defined prod- 
uct and process opportunities. Any effort to stimulate stronger university/ 
industry collaboration must include strategies for extending that partner- 
ship to production. 

Conclusion 

Thank you again for your commitment to American leadership in science and the 
opportunity to share Carnegie Mellon’s experiences in seeking to ensure that the 
Federal investment in basic research stimulates innovation. The U.S. confronts the 
challenges from a unique position of strength. The American research university is 
an asset not yet matched anywhere in the world. 

But the times demand that we evaluate strategies that can insure that this asset 
fosters broad-based economic opportunities in the future. Carnegie Mellon has 
worked to foster a culture of innovation that has accelerated new business creation 
and commercialization research partnerships with companies. Our experiences sug- 
gest that strategic policy initiatives could serve to reinvigorate the overall climate 
for university-based innovation. 

These strategic initiatives should include new funding sources that bridge the gap 
between basic research and commercialization anchored in strict requirements for 
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universities to put in place and maintain start-up supportive policies. Second, focus- 
ing some segment of basic research funding on targeted areas where close collabora- 
tion to foster synergy between fundamental science breakthroughs and barriers to 
commercial applications, such as robotics, would be a critical step to accelerate re- 
search-based innovation. Finally, a broad-based effort to explore means of enhancing 
the environment for industry/uni versify collaboration is clearly needed. A focus on 
tax code and tax credit actions as well as an assessment of opportunities that create 
closer linkages between university research and manufacturing activities could pro- 
vide a starting point for establishing a policy framework as bold as the Bayh-Dole 
Act proved to be in launching an era of start-up creation. 

In closing, let me pass on the observation that one cannot spend time on the cam- 
pus of an American university without coming away with a renewed belief that our 
best times are ahead of us. Carnegie Mellon and the entire university community 
stand ready to join you in advancing ideas and policies that will match the vigor 
and creativity of our students. 
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Chairman Wu. Thank you very much, Dr. Kamlet. 

Dr. Atkinson, please proceed. 

STATEMENT OF DR. ROBERT D. ATKINSON, PRESIDENT, THE 

INFORMATION TECHNOLOGY AND INNOVATION FOUNDA- 
TION (ITIF) 

Dr. Atkinson. Thank you. Chairman Wu, Mr. Smith and other 
Members. It is a pleasure to he here. 

I want to start by making, I think, a simple but very important 
point. In a report that we issued last year called The Atlantic Cen- 
tury, we benchmarked the United States against 39 other nations 
or multi-nation regions on 16 different indicators of competitive- 
ness and innovation; factors like corporate R&D, government R&D, 
venture capital, new business startups, number of scientists and 
engineers and the like. What we found was that in 2000, the 
United States was by far the world leader. Our closest competitor 
was significantly below us in overall ranking and score, and that 
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was Sweden. Unfortunately, by 2009, when we released the report, 
we had fallen from number one to number six behind counties like 
Denmark, Sweden, South Korea and some others. 

The reason we fell so much and so fast is because we ranked 
40th out of 40 nations or regions in change. In other words, we 
were dead last in progress on these factors. Other nations ex- 
panded their corporate and government R&D faster. Other nations 
expanded their number of scientists and engineers faster. They ex- 
panded their venture capital faster. So while a lot of that is due 
principally to the fact that in the last decade or so a wide array 
of other countries have woken up to the fact that they need to be 
competitive in innovation. Just a simple factoid on that. In the 
early 1990s the United States had the most generous research and 
development tax credit in the world. According to the most recent 
OECD data, we are 17th out of 30 OECD [Organization for Eco- 
nomic Co-operation and Development] nations in R&D tax credit 
generosity, and that is just one example of many kinds of policies. 

Why do we care about this? Why is it important? I would actu- 
ally argue that we can trace at least a portion of the cause of the 
recent financial crisis to this trend we have seen in innovation. We 
had an enormous amount of money in the United States looking for 
a home, money coming in from overseas including China, and it 
was looking for a place to be invested and there just weren’t 
enough good investment opportunities of things we would consider 
good, i.e., innovation, and so the money ended up going into essen- 
tially bad consumption opportunities of subprime mortgages and 
other kinds of housing investments, which did nothing to promote 
U.S. long-term productivity or innovation and essentially, as we 
learned, was unsustainable. So I think there is a connection be- 
tween the financial crisis and the lack of innovation or the sub- 
optimal amount of innovation. 

I think the second key point here, though, is that innovation can 
play a key role in driving jobs in the future. One of the reasons is 
not just because you can get high-tech jobs and innovation-based 
jobs that export and pay more, but more importantly for what 
Keynes once talked about is the key to capitalist economies work- 
ing is the “animal spirits of capitalism.” People have to have faith 
and optimism that there is going to be a better tomorrow, and in- 
novation is a key enabler of that optimism to occur. 

So what do we need to do? Let me just say, money is important 
but I don’t think money is enough. I think one of the most impor- 
tant changes we need to make in our national innovation policy 
system is, we need to increasingly put partnerships and collabora- 
tion at the center of it. It is not just enough to give money to NSF 
or other agencies and do individual projects. We need to think 
about systemic partnerships, and we lay out and propose several 
recommendations in the testimony on some of those. A few exam- 
ples — science and technology STEM [Science, Technology, Engi- 
neering and Mathematics] high schools. There are a number of 
these STEM high schools around the country. They partner with 
high-tech companies. They do a great job of educating kids in 
science. One locally here is Thomas Jefferson High School in North- 
ern Virginia — there are a number of these. But there aren’t enough 
of them, and what we would propose is that there is a role for NSF 
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funding to help expand the number of these specialty math and 
science high schools. 

I think one of the key areas that we lack right now, and Dr. 
Kamlet had alluded to this, is we do an OK job of funding basic 
research. Where we fall down, though, is sometimes translating 
that research into commercial opportunities, and you have some 
leading institutions including Carnegie Mellon, MIT, Stanford, and 
Georgia Tech who do a very good job of that but they are the 
outliers. We need a national system that really helps all univer- 
sities and Federal laboratories do a better job there. One of the pro- 
posals we have made is for a new kind of SBIR. We call it an 
SCNR, “Spurring Commercialization of Our Nation’s Research,” 
which would take a small portion of Federal R&D funds, about 0.15 
percent, allocate that to universities and Federal labs and states to 
do this kind of bridging and commercialization. 

Another component, I think Dr. Kamlet alluded to this, we have 
proposed a collaborative R&D tax credit. Many countries in the last 
five years have created special, more generous credits if you are 
funding research at universities or Federal laboratories because 
that research spills over. 

And two final things. One, we think it is important that Federal 
research do a better job of supporting sector-based collaborations. 
We have got a very good one now in a program called the Focus 
Center program that the semiconductor industry and DARPA fund. 
It is a very, very good program, but it is only one program. So we 
need to be working more on sector-based efforts where industry 
comes to the table with ideas and money and the Federal Govern- 
ment helps match that, and we need to do a better job of sup- 
porting the state and local efforts that are trying to revive the U.S. 
economy through innovation-based economic development. They are 
very good efforts in many cases but they are underfunded. One way 
to do that, but certainly not the only way, would be to create as 
we have proposed with the Brookings Institution, a National Inno- 
vation Foundation to support that. 

The final proposal or suggestion would be, one of the things 
many countries have done in the last few years is create a national 
innovation strategy to look more in a detailed way where they are 
strong, where they are weak, what other countries are doing. I 
think it would behoove us to also do something like that akin to 
the national broadband strategy but for innovation. Thank you. 

[The prepared statement of Dr. Atkinson follows:] 

Prepared Statement of Robert D. Atkinson 

Mr. Chairman, Mr. Smith, and Members of the Committee, I appreciate the op- 
portunity to appear before you to discuss the critical question of U.S. innovation 
leadership and what the Federal Government can do about it. 

The United States is no longer the global innovation leader and our rank is rap- 
idly slipping. The effects are seen in increased trade deficits, relatively lower in- 
creases in standards of living, higher unemployment and even the severity of the 
current economic crisis. While ultimately businesses and other organizations (e.g., 
universities) will have to take the lead in driving innovation, the Federal Govern- 
ment can and should take a much more proactive role. As I describe below. Con- 
gress can take a number of important steps, including: ensuring that USTR takes 
a more aggressive role in trade enforcement, expanding the R&D credit, promoting 
science, technology, engineering and math (STEM) skills and increasing support for 
research and most importantly research commercialization. In addition, we encour- 
age the Committee to particularly consider two ideas discussed in more detail below: 
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the creation of a national innovation and competitiveness strategy and the estab- 
lishment of a National Innovation Foundation, akin to the National Science Founda- 
tion (NSF), but for innovation. 

What is at Stake: Why is Innovation Important? 

In recent years, a growing number of economists have come to see that it is not 
so much the accumulation of more savings or capital that is the key to improving 
standards of living; rather it is innovation-the creation and adoption of new prod- 
ucts, services, processes, and business models.^ When economists Rienow and 
Rodriguez-Clare decomposed the cross-country differences in income per-worker into 
shares that could be attributed to physical capital, human capital and total factor 
productivity, they found that more than 90 percent of the variation in the growth 
of income per worker was a result of how effectively capital is used (e.g. innovation), 
with differences in the actual amount of human and financial capital accounting for 
just 9 percent. 

Innovation is also essential if we are to create a future of better jobs for all Ameri- 
cans. Properly conceived, innovation is not just about creating more jobs for engi- 
neers and managers in high technology industries. It is also about providing more 
and better training for incumbent workers in manufacturing and “low-tech” services 
and reorganizing work processes so that their companies can perform better. Boost- 
ing innovation leads to higher real wages for American workers, and in the 
moderate- to the long-term, (and often in the short-term as well) leads to more jobs. 
Innovation, properly conceived, also benefits not just the notable high-tech regions 
of the nation, but all regions. 

The growth of international trade also makes it increasingly important for the 
United States to innovate to maintain its standard of living. Low-wage nations can 
now more easily perform labor-intensive, difficult-to-automate work in manufac- 
turing and in a growing share of services. Indeed, it has become difficult for the 
United States to compete in such industries as textiles and commodity metals. Not- 
withstanding the efforts of countries like China and India to compete in advanced 
technology industries, for the foreseeable future their competitive advantage should 
remain in more labor-intensive, less complex portions of the production process.^ 

By contrast, the United States’ primary source of competitive advantage should 
be in innovation-based activities that are less cost-sensitive. To illustrate, a software 
company can easily move routine programming jobs to India where wages are a 
fraction of U.S. levels. There is less economic incentive for moving advanced pro- 
gramming and computer science jobs there because innovation and quality are more 
important than cost in influencing the location of these jobs. Likewise, an auto com- 
pany can easily move production of commodity car parts to China. But the case for 
moving advanced research and development or production of complex, technology- 
driven parts (such as drive trains) there is weaker. 

Nor does this mean that the United States must inevitably cede entire industries 
to low-wage countries. Even in industries such as apparel and textiles, which are 
dominated by labor-intensive production, some firms have carved out innovation- 
based product niches (e.g., high-fashion articles whose designs change rapidly or 
textiles made of advanced materials) that make it possible for them to produce in 
the United States. Moreover, with sufficient productivity growth, companies can off- 
set the cost of high U.S. wages, enabling them to produce in the United States at 
costs equal to or below those of low-wage countries. 

The United States Led in Innovation from WWII to the End of the 20th Cen- 
tury 

Prior to World War II, it could be argued that Europe, and in particular Germany 
and Great Britain, led in innovation. However, since World War II until the early 
part of the last decade, the United States led the world in innovation. A range of 
statistics consistently showed this. We were leading on patents, corporate R&D, 
Nobel Prize winners, high tech exports, etc. Indeed, as the Information Technology 
and Innovation Foundation (ITIF) documented in a report, The Atlantic Century, re- 
leased last year, the United States was ranked first among 40 leading nations in 
2000 according to an amalgam of 16 innovation-based competitiveness factors (such 
as funding of corporate and government R&D, venture capital as a share of GDP, 
new businesses created, number of scientists and engineers as a share of the work- 
force, etc.). And our lead was not slight; we were far ahead of our closest two rivals 
(Sweden and Singapore). 
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What Factors Helped the United States Lead in Innovation-hased Competi- 
tiveness? 

There are a number of policy and non-policy factors which contributed to the 
United States lead in innovation from the 1940s through to the 2000s. 

On the non-policy side, a key factor was our large and growing market which en- 
abled U.S. corporations to have large enough markets to invest in R&D at the scale 
needed to drive innovation. The large market (both in number of consumers but also 
in their higher incomes) also meant that U.S. firms could gain economies of scale 
and economies of learning that enabled costs to be driven down and new generations 
of products and services to become profitable faster. For example, in 1960, the num- 
ber of automobiles sold in Los Angeles County alone exceeded all those sold in Asia 
or South America.® 

Indeed, the U.S. led the world in the application of mass production manufac- 
turing to virtually all sectors. Numerous production innovations, including auto- 
mated assembly lines, numerically controlled machine tools, automated process con- 
trol systems and mechanical handling systems drove down prices in American man- 
ufacturing and led to production of a cornucopia of inexpensively manufactured con- 
sumer goods. 

The United States was also the first nation to transform its innovation system 
into a science-based one where innovation was derived from a more fundamental 
understanding of underl 3 dng processes than from one of mere tinkering and me- 
chanical trial and error. As economist Joseph Schumpeter argued in the 1940s, re- 
flecting on the U.S. economy, “Technological progress is increasingly becoming the 
business of teams of trained specialists who turn out what is required and make 
it work in predictable ways.”'' As a result, U.S. R&D expenditures skyrocketed by 
400 percent between 1953 and 1964. For example, DuPont’s R&D expenditures in- 
creased from around $1 million per year in 1921 to over $60 million by the mid- 
1950s.® The number of research and development laboratories increased from 
around 1,000 in 1927 — with few doing basic research — to almost 5,000 in 1956, with 
many, like Bell Labs, conducting extensive basic research. As the innovation process 
became systematized and corporatized, engineers became more important. In 1900, 
engineers made up only 0.05 of the population, but by 1940, 2 out of 1,000 people 
were engineers, and by 1970, 6 out of 1,000 were.® As a result, the locus of innova- 
tion also switched from individual inventors like Edison and Bell tinkering in their 
garages to scientists working in corporate R&D laboratories.^ One reflection of this 
is the fact that in 1901 there were 20,896 patents issued to individuals, with only 
4,650 going to corporations. This evened out by the 1930s, but by the mid-1950s the 
corporate rate took off. By 1980, corporations obtained about five times more pat- 
ents than individuals. 

But our lead in scientific discovery alone was not enough to propel the United 
States to the lead. That required firms willing and able to make the investments 
needed to transform from invention to innovation and commercialization. And a key 
factor was the new science of management and the organization of firms able to 
handle large complex production systems. After WWII, new forms of corporate orga- 
nization emerged, in which a top managerial cadre became empowered with the in- 
formation necessary to centrally manage massive, sprawling enterprises. When the 
large, multidivisional company became commonplace after World War II, CEOs put 
in place elaborate paper-based managerial systems to coordinate these sprawling 
companies. Millions of new white-collar middle managers were needed to make 
these behemoths work. This rise of a new managerial class was one of the most pro- 
found changes resulting from the rise of the corporate economy. Indeed, after World 
War II, the formal discipline of management emerged. James Burnham’s 1941 book. 
The Managerial Revolution, argued that the world was witnessing the emergence 
of a new ruling class, the managers,’ who would soon replace the rule of capitalists 
and communists alike. Combine this with the emergence of world class business 
schools that educated managers who could manage innovation, and the United 
States had another lead over its competitors who did not embrace the ‘new 
managerialism’ until decades later. 

Other factors played a role. The American inventor and entrepreneurial ethos also 
helped drive our innovation lead. More so than any other nation at the time, Amer- 
ica was a place where “anyone could make it,” provided they worked hard and took 
risks. America was able to draw on the talents of a larger share of the population 
to drive innovation. And related to this, in contrast to many nations, failure was 
not seen as a stigma from which recovery was difficult. Rather, it was a mark that 
someone had the fortitude to take a risk, and perhaps the second (or third, or 
fourth) time would be the charm. Moreover, in those days, if one wanted to remake 
oneself, one simply moved south or west. Indeed, the very size of our nation and 
the relative underdevelopment of much of the West and South until the 1970s 
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meant that entrepreneurs could locate in places unconstrained by the dead weight 
of tradition and inertia. No wonder that in the 1960s Silicon Valley instead of Pitts- 
burgh (where the largest electronics firm in the world at the time, GE, was 
headquartered) became the world’s innovation leader. Pittsburgh was a place where 
if it hadn’t been tried before, it was probably because it was a bad idea. Silicon Val- 
ley was a place where if it hadn’t been tried before, it probably meant it was a good 
idea that no one had yet before come up with. In addition, in comparison to other 
nations that exhibited greater institutional rigidities and hierarchies, the more flexi- 
ble and collaborative U.S. innovation system provided an advantage. Compared to 
other nations, the U.S. innovation system has long been characterized by collabora- 
tion and cooperation, with universities working more closely with industry, small 
firms working with large ones, etc. 

Finally, our financial system provided real advantages. Compared to other nations 
it was easier for entrepreneurs to get financing for new and risky ventures, and for 
those firms to pay back initial investors, either by issuing stocks or getting large 
firms to finance their acquisitions as the way to maintain a pipeline of new prod- 
ucts.® 

It would be a mistake to argue, though, that it was only, or even largely, non- 
policy factors that led to America becoming the world’s innovation leader. Clearly 
some of our policy choices to regulate less and to be more accepting of change pro- 
pelled the United States to lead. 

Our relatively open borders (itself a policy factor) made the United States a mecca 
for talent. Welcoming the world’s most skilled foreign-born scientists and engineers 
into the land of economic opportunity that America affords has long been one of the 
strengths of the U.S. national innovation system. Both the U.S. economy and the 
standard of living of American citizens have benefited enormously from this influx 
of foreign talent. AnnaLee Saxenian, a professor at the University of California- 
Berkeley, has shown that Indian and Chinese entrepreneurs founded or co-founded 
roughly 30 percent of all Silicon Valley startups in the late 1990s.® During this pe- 
riod, many of the leading scientists, managers and entrepreneurs came from other 
nations where opportunities were more limited and in some cases where the oppor- 
tunities didn’t even exist, as was the case in communist nations. 

Likewise, our embrace of a light regulatory touch in the face of new technologies 
allowed innovators to be confident that their innovations would be able to enter the 
market. In contrast, regulatory regimes such as the European “precautionary prin- 
ciple,” which sought to limit innovation until all possible effects were known, slowed 
innovation. And in fast-moving industries where competitive advantage is related to 
how quickly players get in the market and establish a position, the slower and more 
restrictive regulatory regimes in many other nations benefited the United States. 

The overall business climate and rule of law that the United States has enjoyed 
has provided entrepreneurs and firms with the certainty that if they invested they 
could make a market-based rate of return. Likewise, the United States’ leadership 
in promoting open markets and globalization helped the United States, at least 
through the 1980s, for it expanded the size of markets, allowing more dominant 
U.S. technology-based firms to gain even more scale and profits (allowing them re- 
spectively in turn to drive prices down even more and to invest more into research 
and new technolo^). 

In addition, while the United States brought a number of anti-trust cases during 
this period, the emergence of a large number of large, profitable companies meant 
that innovations were a way that firms could charge premium prices or even gain 
market share from their competitors. With constrained competition and consequent 
market control, these companies could apply lower discount rates to new research 
opportunities; in essence, they were willing to take on the higher levels of risk re- 
quired to pursue more radical but higher payoff technologies. As a result, many of 
these dominant firms used the steady flow of profits to invest heavily in their own 
research laboratories. They created factories for inventions that brought large num- 
bers of scientists and engineers directly under the corporate umbrella. In the 1950s 
and 1960s, the central research laboratories of firms such as AT&T, GE, IBM, RCA 
and Xerox were corporate jewels that attracted highly productive researchers. 

But proactive policies also played a key role. Perhaps the most important one was 
the role of government as a buyer of technology and funder of research and edu- 
cation. During the three decades immediately following World War II, the Federal 
Government’s role in supporting new technologies centered on military and space 
imperatives. Such familiar spin-offs as mainframe computers and jet airplanes had 
been largely unintended consequence of government spending for the military and 
the space program, both in support for research in these areas and procurement of 
products using these technologies. Clearly the United States’ lead in many tech- 
nology areas, including information technology, would not have occurred without 
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government procurement and government support for R&D. Indeed, as late as 1992, 
Santa Clara County (Silicon Valley) received more defense contracts than any other 
county (in dollar value as a share of county economic output). 

But support for research and research universities was also central in driving 
U.S. innovation leadership. Federal and state support meant that a large number 
of research universities were not only doing cutting-edge research, much of it trans- 
ferred to the private sector, but also educating a regular crop of top notch scientists 
and engineers. Our global lead in pharmaceutical and biotech industries, for exam- 
ple, would not have been as strong without the significant funding provided to NIH, 
much of which in turn supported leading research universities. 

As the United States excelled, its lead over other nations expanded, leaving the 
Europeans fearful of being left behind. In the 1960s, French author Jean-Jacques 
Setvan-Schreiber wrote the best seller. The American Challenge, which described an 
all powerful American economic system widening its technological lead and utilizing 
superior management ability and economies of scale to take over the European econ- 
omy. 

But our unparallel leadership lasted only approximately 25 years. For by the mid- 
1970s, evidence was emerging that the United States faced new innovation competi- 
tors. ]3ut U.S. policy didn’t stand still in response to the challenges of globalization 
1.0 in the 1980s (the emergence of Japan and Europe as key competitors). Indeed, 
significant changes occurred in Federal policies in the 1980s in direct response to 
the heightened international competitive pressures experienced by U.S. -based cor- 
porations. In that decade, both Congress and the Executive Branch launched a se- 
ries of initiatives that were intended to mobilize public resources to accelerate the 
development and commercial exploitation of new technologies. These programs ex- 
tended well beyond the defense and space sectors that had previously been the main 
areas of Federal technology policy. 

These initiatives can be usefully grouped into four separate areas. First, there 
were a series of efforts to increase the commercial impact of research already being 
funded by the Federal Government, particularly in universities and government lab- 
oratories. Incentives were created for scientists and institutions to push their re- 
search discoveries into the commercial sphere either by creating new start-ups, li- 
censing technologies to private firms or engaging in collaborative projects with busi- 
ness firms. The Bayh-Dole Act encouraged universities to see their research enter- 
prise as a potential revenue source and concerted efforts were made over twenty 
years to shift resources in the Federal Laboratories away from weapons production 
and towards commercial applications. 

Second, new programs were created to help finance pre-competitive research and 
development costs for individual firms, both startup and established firms. Most 
prominent among these programs was the Small Business Innovation Research 
(SBIR) program through which government agencies set aside a small percentage 
of their R&D budgets for projects proposed by small firms, many of which are newly 
created spinoffs from university or Federal laboratories. The Advanced Technology 
Program (ATP) at the National Institute of Standards and Technology (NIST) and 
a series of initiatives at the Department of Energy provided matching funds to sup- 
port particularly promising new technologies among both new and more established 
firms. In addition, the United States was the first nation to create a Research and 
Development (R&D) Tax credit in 1981. 

Third, the Federal Government expanded its “in-kind” technical support to busi- 
ness firms tr 3 dng to surmount technological barriers. The Manufacturing Extension 
Partnership (MEP) has helped thousands of small firms adapt to computerization 
and the more demanding schedules of just-in-time production. The National 
Nanotechnology Initiative has made a series of federally funded, university-based 
laboratories available to business firms that want to avoid the costs of developing 
their own laboratory infrastructure. Similarly, efforts by Eederal laboratories to 
form partnerships with firms provide them with important technical support, includ- 
ing through the formation of Cooperative Research and Development Agreements 
(GRAD As). 

Fourth, the Federal Government played an active role in facilitating and sup- 
porting research consortia that bring together multiple firms in the same industry 
to solve technological problems. The passage of the 1984 Cooperative Research and 
Development Act made it easier for companies to collaborate. Federal investment in 
SEMATECH in the 1980s and the Semiconductor Focus Center Program in the 
1990s helped the semiconductor industry maintain a leadership position. Congress 
created programs at NSF to spur more collaborative research, including NSF’s Engi- 
neering Research Centers, a group of 17 interdisciplinary centers located at univer- 
sities and operated in close partnership with industry. 
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The United States Has Lost its Lead in Innovation 

The combination of its policy and non-policy strengths, combined with policy and 
non-policy weaknesses in other nations, enabled the United States to lead in innova- 
tion for over half a century. However, changes hoth in the United States and abroad 
have meant that while the United States continues to have many strengths, there 
is disturbing evidence that our overall innovation lead has not only been lost, but 
that we are continuing to rapidly lose ground. As ITIF documented in The Atlantic 
Century, from the year 2000 to 2009, the United States slipped from number 1 to 
number 6 in global innovation-based competitiveness, behind nations such as Singa- 
pore, Denmark, Sweden and South Korea. The primary reason for this is that every 
other nation or region made faster progress than we did on a collection of 16 innova- 
tion competitiveness indicators. Overall, we ranked 40th out of 37 countries and 
three regions in making progress on innovation and competitiveness. 

We see signs of this relative decline in innovation capacity in a wide array of indi- 
cators. The decline began at least in the 1990s with the United States’ shares of 
worldwide total domestic R&D spending, new U.S. patents, scientific publications 
and researchers and bachelor’s and new doctoral degrees in science and engineering 
all falling from the mid-1980s to the beginning of this century (figure 1), when we 
were still number 1. But given our strong overall lead, the declines were not enough 
to move us down from number 1 until this last decade. 

Figure l: Changes in U.S. Share of Global Totals On Various Science and Technology Indicators 
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There has been a declining share of American college graduates with science and 
technology degrees. The United States now lags behind much of the world in the 
share of its college graduates majoring in science and technology. As a result, the 
United States ranks just 29th out of 109 countries in the percentage of 24-year-olds 
with a math or science degree. Although Americans (citizens and permanent resi- 
dents) are getting graduate degrees at an all-time high rate, the increase in grad- 
uate degrees in natural science, technology, engineering and math fields has been 
minimal during the last two decades. The number of non-science and engineering 
degrees increased by 64 percent between 1986 and 2002, while the number of 
science, technology, engineering and mathematics degrees grew by only 14 percent 
during that period. 

The United States ranks only 14th among countries for which the National 
Science Foundation tracks the number of science and engineering articles per mil- 
lion inhabitants. Sweden and Switzerland produce more than 60 percent as many 
science and engineering articles in relation to the size of their populations than does 
the United States. 

The United States ranks only seventh among OECD countries in the percentage 
of its GDP that is devoted to R&D expenditures (2.6 percent), behind Sweden (3.9 
percent), Finland (3.5 percent), Japan (3.3 percent). South Korea (3.0 percent), Swit- 
zerland (2.9 percent), and Iceland (2.8 percent), and barely ahead of Germany and 
Denmark (2.5 percent each).!"*^ One reason explaining this is that the United States 
is one of the few nations where total investments in R&D as a share of GDP fell 
from 1992 to 2005 (largely because of a decline in public R&D support). Moreover, 
corporate-funded R&D as a share of GDP fell in the United States by five percent 
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from 1999 to 2006, while in Europe it grew by two percent and in Japan it grew 
by 12 percent 

We also see the evidence of our decline in innovation-based competiveness in 
other areas including our trade performance. The trade deficit represents perhaps 
the most visible manifestation of the global challenge. At five percent of GDP in 
2008, the current account deficit is at extremely high levels both in absolute terms 
and relative to the size of our economy, The traditional U.S. trade surplus in agri- 
cultural products is nearing zero and in high-technology products has already 
turned negative. Meanwhile, our surplus in services trade is small and only holding 
relatively steady. Moreover, the U.S. trade surplus in services is only 17 percent of 
the overall trade deficit in goods. 

Moreover, companies are increasingly shifting R&D overseas. For example, R&D 
expenditures from U.S. -based MNCs in emerging Asian markets increased from five 
percent to 14 percent between 1995 and 2006. In the last decade, the share of U.S. 
corporate R&D sites in the United States has declined from 59 percent to 52 per- 
cent, while the share in China and India, specifically, increased from 8 to 18 per- 
cent, 

We also see it in the decline in U.S. manufacturing output. The United States has 
experienced a hollowing out of many advanced production supply chains, as more 
advanced manufacturing has moved offshore than has expanded in the United 
States. I recently spoke with the CEO of a major U.S. high technology company 
about a new product line they were introducing. I asked him where he was sourcing 
the very advanced display that was being incorporated in the device. His response 
was “we looked long and hard around the United States to see if we could source 
it here. We couldn’t find any company with the capability of producing here, so we 
ended up sourcing it in Taiwan.” 

This hollowing out of supply chains is overlooked by many economists because the 
national economic accounts that track manufacturing output provide a misleading 
picture of the health of U.S. manufacturing by overstating output, particularly in 
the computer and semiconductors industry. According to the Department of Com- 
merce’s Bureau of Economic Analysis, manufacturing output as a share of GDP has 
stayed somewhat constant between 1994 and 2008, at around 13.7 percent.^® But 
drilling down to more detail causes a different picture to emerge. Over the last 25 
years, the share of non-durable manufacturing output peaked around 1993 and has 
declined from around seven percent to 4.7 percent of GDP in 2008. The share of du- 
rables, in contrast, increased to just over nine percent in 2007, with a very slight 
decline in 2008, leading many to the rosy conclusion that while manufacturing em- 
ployment may have declined, manufacturing output is still strong and therefore that 
employment declines were due only to the higher levels of productivity in manufac- 
turing relative to the rest of the economy. But taking out computers and electronic 
products (NAICS code 334) shows a very different picture, with durable goods out- 
put share declining from seven percent in 1998 to 5.3 percent in 2008. Overall man- 
ufacturing output minus computers and electronic products declined from 13 percent 
of GDP in 1998 to just 9.7 percent in 2008. Defenders of the status quo will respond 
that the proper measure is overall manufacturing, not manufacturing minus com- 
puters. But does anyone really think that the real inflation-adjusted value added 
of computers and electronic products really doubled between 2003 and 2007, which 
is what the BEA numbers suggest? The problem is that BEA counts output of com- 
puters based on improvements in Moore’s law and when processing power doubles 
every 18 months or so it counts that in the value-added. But this clearly overstates 
output and provides an extremely misleading picture of the real health of the U.S. 
manufacturing sector. For those who want to play down the threat to the U.S. man- 
ufacturing base, these statistics provide reassuring, if false, comfort. 

Factors Contributing to our Relative Decline in Innovation-based Competi- 
tiveness 

There are a number of factors which have contributed to the United States’ rel- 
ative decline in innovation-based competitiveness. Many point to globalization. At 
one level there is no doubt that with the emergence of globalization and the rel- 
atively faster growth in income of many nations to “catch up” to the United States, 
one would expect to see the global share of U.S. economic output fall. And it is cer- 
tainly true that as some advanced nations began to catch up to the United States 
(in part by emulating our policies, as described below) the U.S. share of global inno- 
vation output (e.g., R&D and patents) would also fall, although by less than overall 
economic output since the United States should actually be increasingly specializing 
in innovation-based activities as more routine-based production shifts offshore. But 
there was nothing preordained about the United States falling from number 1 in 
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2000 to number 6 in 2009. The United States can and should remain the global in- 
novation leader. 

So what happened? As in explaining our success, non-policy and policy factors 
have played a role. There are a number of non-policy factors that appear to be at 
work. First, the evolution of U.S. financial markets has placed mounting pressure 
on large corporations to prioritize increasing short-term returns to shareholders over 
growth or investments with longer-term payoffs. And related to this, the market en- 
vironment has become much more competitive. 

On the one hand, this has disciplined firms into being more efficient. But at the 
same time it has led many firms to seek short-term cost reductions (often through 
moving to lower cost locations) even if similar or even greater cost reductions 
through innovation could be achieved hut over a slightly longer period of time. Like- 
wise, these new financial pressures have forced many firms to reallocate their re- 
search portfolios more toward product development efforts and away from longer 
term and more speculative basic and applied research. From 1991 to 2007, basic re- 
search as a share of total corporate R&D conducted in the United States fell by 3.6 
percentage points, while applied research fell by roughly the same amount, by 3.5 
percentage points. In contrast, development’s share of corporate R&D increased by 
7.1 percentage points, as figure 2 shows. 

Figure!: 

Between 1991 and 2007, the Shares of total Corporate R&D Devoted to Basic and 

APPLIED RESEARCH DECLINED WHILE THE SHARE DEVOTED TO DEVELOPMENT INCREASED 
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We see this focus on the shorter term in the venture capital industry. As the ven- 
ture capital market has matured, firms have found it more profitable to invest in 
larger deals and less risky later-stage deals. Even though the overall amount of ven- 
ture capital has grown since the mid-1990s, the actual amount invested in startup- 
and seed-stage venture deals is smaller today than a decade ago, and a smaller per- 
centage of venture funding now goes to early-stage deals (the stage just after seed- 
stage).^^ The result is a gap between the completion of basic research and applied 
R&D. 

When it comes to policy, it is important to focus both on the change in policy in 
the United States and externally. Externally, as we discuss below, nations put in 
place aggressive technology and competitiveness policies to lure internationally mo- 
bile technology investment. U.S. firms are now competing against firms in a growing 
number of national economies in which their governments actively help them com- 
pete. 

Over the last 15 years in particular, a large number of other nations have woken 
up to the fact that they need to compete for internationally mobile high technology 
manufacturing, and they have put in place policies that reflect that determination, 
such as more generous research and development tax treatments and stronger gov- 
ernment support for all stages of research. In contrast, the United States has lagged 
behind, believing that it needed to do little since it had long been the global innova- 
tion leader. In the early 1990s, for example, the United States had the most gen- 
erous research and development tax credit among the 30 OECD nations. Now, be- 
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cause other nations have expanded their R&D tax incentives, the U.S. rank has fall- 
en to 17th. 

In response to increased global competition for internationally mobile economic ac- 
tivities, most nations have established competitiveness policies, including more com- 
petitive corporate tax codes. In the early 1980s, the average statutory teix rate 
amongst OECD nations was nearly 50 percent; by 2001 the rate had fallen to under 
36 percent. Some formerly high teix nations have reduced their teixes dramatically. 
For example, the statutory corporate tax rate in Sweden in 1982 was 60 percent; 
by 1999 it had been reduced to 28 percent. Overall, average corporate tax rates have 
declined by at least 15 percentage points in leading industrialized nations over the 
last 30 years. Not only have corporate teix rates declined, but a growing number of 
nations, particularly Asian nations, use targeted tax incentives (such as tax holidays 
on new plants) to attract internationally mobile investment. The U.S. statutory rate 
has not changed since 1986, and the Federal Government does not provide tax in- 
centives to attract or retain international investment. 

We see the same trend in other areas. Among 36 nations, the United States 
ranked just 21st in the growth of government investment in R&D from 1999 to 
2006, with a growth rate of just 20 percent the average of the other nations. The 
major reason for this slippage has been a slowdown in Federal R&D investment. 
Since the mid-1990s total Federal R&D spending grew at a sluggish 2.5 percent per 
year from 1994 to 2004 — much lower than its long-term average of 3.5 percent 
growth per year from 1953 to 2004.^^ Indeed, the United States is one of only a few 
nations where total investment in R&D as a share of GDP actually fell from 1992- 
2005, largely because of that decline in public R&D support.^^ When U.S. R&D in- 
tensity is compared to other OECD countries, we find that at 2.6 percent of GDP 
devoted to R&D investment, the United States ranks only seventh in R&D intensity, 
behind a list of countries including Japan, South Korea, Finland and Sweden.^'' In 
more recent rankings (2006) from the OECD, the United States placed only 22nd 
in the fraction of GDP devoted to nondefense research.^® 

Finally, while many nations have practiced “good” innovation policy, many have 
also put in place “bad” innovation policy: high-tech mercantilism. Indeed, a key fac- 
tor in the loss of U.S. innovation leadership has been the dramatic increase in tech- 
nology-oriented trade protectionism engaged in by many U.S. competitors. While 
U.S. markets are generally open, the same cannot be said for many other nations. 
Many nations, and not just China, manipulate their currency as a way to subsidize 
exports and raise the price of imports. On top of that they use an array of tariff 
barriers to keep out U.S. exports. But these nations go further, engaging in a kind 
of protectionism 2.0. This involves aggressive anti-trust enforcement, particularly 
against U.S. high tech companies (witness foreign actions taken against U.S. tech 
companies like Microsoft, Intel and Qualcomm); technology standards manipulation 
(the Chinese alone have developed over 15 proprietary technology standards de- 
signed to keep out U.S. IT products); turning a blind eye to and even engaging in 
rampant intellectual property theft (over 85 percent of software in China is pirated, 
while many nations attempt to force U.S. pharmaceutical companies to transfer in- 
tellectual property in return for market access); and huge government subsidies to 
prop up high-tech exporters (without EU government subsidies. Airbus would have 
nowhere near the global market share it does). 

But even absent what other nations have done, the U.S. relative position would 
have declined because of policies at home. One policy area that has been cited by 
many is K-12 education. While there is no doubt that improving the quality of K- 
12 education will have some positive benefit on our innovation-based competitive po- 
sition, it would be a mistake to believe that fixing K-12 will be the silver bullet 
for innovation. K-12 quality has not been the major reason for the precipitous and 
troubling decline in U.S. innovation leadership. In fact, while the U.S. competitive- 
ness position has declined relative to other nations, at least by one measure, our 
educational performance has not. For 20 nations for which there are comparable 
data, between 1999 and 2007 the United States ranked fourth in improvement in 
8th grade math scores an sixth out of 25 nations in 81’ grade science scores accord- 
ing to TIMMS (Trends in International Mathematics and Science Study). The 
United States has also made greater improvement in 8th grade science scores than 
several international leaders such as Japan, Sweden, Norway and Singapore be- 
tween 1999 and 2007. 

The United States does less well on the OECD’s PISA (Programme for Inter- 
national Student Assessment) test, which focuses more on measures of application 
of learning to real world situations than does TIMMS. Still, the U.S. performance 
on PISA has not been so bad as to indicate our economic decline. In reading, math 
and science, U.S. 15-year-olds in 2000 (who would now be 25-years-old and entering 
the workforce) performed about as well on average as 15-year-olds in the 27 partici- 
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pating OECD countries and ahead of the 4 non-OECD nations. Compare the United 
States and Denmark. Denmark outperformed the United States in innovation-based 
competitiveness, ranking fifth in progress, compared to our last place rank. Yet, in 
2000, U.S. 15-year-olds outperformed Danish 15-year-olds on reading, math and 
science. Likewise, U.S. 15-year-olds did better than 15-year-olds in Germany, Spain, 
Russia and Brazil, all of which made faster progress on competitiveness. Let us also 
remember that U.S. college education levels are at historic highs. In 2007, 46 per- 
cent of high school graduates between the ages of 18 and 24 were actively enrolled 
in higher education. This is hardly the stuff of catastrophic failure. 

An area of more concern is the reduced investment in innovation infrastructure, 
including research. Total Federal funding for R&D declined as a share of GDP from 
1985 to 2004. To restore Federal R&D support as a share of GDP to its 1993 level, 
we would have to increase Federal R&D spending by 50 percent, or over $37 billion. 
Federal investment in most of the programs that focus most directly on innovation 
promotion have declined or grown more slowly than the economy overall. Between 
1998 and 2006, the budgets for the Advanced Technology Program, the Manufac- 
turing Extension Partnership, the Office of Science and Technology Policy, and the 
Industrial Technologies Program declined in nominal terms, while that of NSF’s En- 
gineering Research Center program grew at less than one-fifth the rate of GDP 
growth. Funding for NSF’s Partnerships for Innovation also grew more slowly than 
GDP since the program began operating in 2000. And while our public and private 
research universities used to be the envy of the world, 20 years of underfunding by 
state governments have meant that many public research universities have fallen 
in capabilities relative to private research universities. 

Adequately investing in and developing innovation-enhancing policies is crucial to 
national innovation competitiveness, as Professors Jeffrey Furman and Richard 
Hayes found in a study of the national innovation capacity (an economy’s potential 
for producing a stream of commercially relevant innovations) of twenty-three coun- 
tries from 1978 to 1999.^® Starting with the year 1979, they classify countries as 
either world-leading innovators (the United States, Germany, Japan), middle-tier 
(Great Britain, France, Australia), third-tier (Spain, Italy), or “emerging” innovators 
(Ireland, Taiwan) based on countries’ patenting activity per capita, a proxy for com- 
mercialized innovations. 

A number of these “emerging innovators” — among them Ireland, Finland, Singa- 
pore, South Korea, Denmark and Taiwan, in particular — achieved remarkable in- 
creases in innovative output per capita from 1978 to 1999, moving to the world’s 
technological frontier and overtaking the innovative capacities of many mid- and 
third-tier countries, including Great Britain, France and Italy, whose economic con- 
ditions started off much more favorably in the early 1980s. Furman and Hayes con- 
clude that innovation leadership among countries requires not only the development 
of innovation-enhancing policies and infrastructure, such as strong IP protections, 
openness to trade, highly competitive markets, and strong industry clusters, but 
also a commitment to maintaining substantial financial and human capital invest- 
ments in innovation. 

Additionally, Federal agencies have not responded as nimbly as they should too 
many of the changes in the innovation environment. For example, the U.S. Patent 
and Trademark Office (PTO) used to be the envy of other nations around the globe 
for its effectiveness and efficiency. But today backlogs at the PTO mean that most 
patent applicants will wait years before finding out if their invention is granted a 
patent. 

Moreover, even as services innovation has become much more important, U.S. in- 
novation policy has not responded. U.S. innovation policy is largely focused on inno- 
vation in goods-producing industries, e.g., developing a new energy source or coming 
up with new materials. In the past, when goods production was a much larger share 
of the economy than it is today, such a focus made more sense. But in an economy 
where more than 80 percent of civilian jobs lie in service-providing industries, the 
lack of focus on services innovation makes little sense. The emerging discipline of 
service science brings together ongoing work in computer science, operations re- 
search, industrial engineering, business strategy, management sciences, social and 
cognitive sciences, and legal sciences to develop the skills required in a services-led 
economy.2'^ 

Finally, as the U.S. innovation system has spread out to all states and corners 
of the nation, the Federal system has remained national in scope. Washington is 
often far removed from the firms and other institutions that drive innovation. This 
is particularly true for small and mid-sized firms. In contrast, state and local gov- 
ernments and metropolitan-level economic developers have a long track record of 
creating organizations that work more closely with firms. Unfortunately, most exist- 
ing Federal programs do not work through or in collaboration with state or local 
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governments or regional organizations, which are often more flexible and less re- 
mote from production processes. Indeed, there is very little appreciation in Wash- 
ington for the fact that virtually every state has in place technology-based economic 
development programs.^® Federal program managers and policymakers all too often 
seem to assume that there is one uniform national economy in which regional ag- 
glomerations are at best a sideshow. 

What Can We Learn From Other Nations? 

Many forward-thinking countries have made innovation-led economic development 
a centerpiece of their national economic strategies during the past decade. These na- 
tions know that moving up the value chain to more innovation-based economic activ- 
ity is a key to boosting future productivity, and that losing the competition can re- 
sult in a relatively lower standard of living as economic resources shift to lower- 
value-added industries. These countries are implementing coordinated national in- 
novation agendas that boost R&D funding, introduce policy changes and government 
initiatives that more effectively transfer technologies from universities and govern- 
ment laboratories to the private sector for commercialization, and ensure that immi- 
gration policies support innovation. 

While many nations have taken the innovation challenge to heart and put in place 
a host of policies to spur innovation, the United States has done little, consequently 
falling behind in innovation policies and in innovation performance as well. We see 
this gap in at least four main areas: programs to establish civilian technology and 
innovation promotion agencies, services innovation initiatives, tax incentives for re- 
search and development, and policies regarding high-skill immigration.^® 

1. Civilian Technology and Innovation Promotion Agencies 

A number of advanced countries are well ahead of the United States in creating 
national agencies that support innovation. In recent years, Finland, France, Iceland, 
Ireland, Australia, Japan, the Netherlands, New Zealand, Norway, South Korea, 
Canada, Germany, Taiwan, Switzerland and Great Britain have all either estab- 
lished or signiflcantly expanded separate technology-and innovation-promotion agen- 
cies. Other nations, such as Denmark, Sweden and Spain, have longstanding agen- 
cies of this type.®® All these countries have science- and university-support agencies 
similar to America’s National Science Foundation, which largely fund basic re- 
search, universities and national laboratories. But these countries realized that if 
they were to prosper in the highly competitive, technology-driven global economy, 
they needed specifically to promote technological innovation, particularly in small 
and mid-sized companies and in partnership with universities. 

Perhaps the most ambitious of these efforts is Tekes, Finland’s National Agency 
for Technology and Innovation. In the last two decades, Finland has transformed 
itself from a largely natural resource-dependent economy to a world leader in tech- 
nology, with Tekes a key player in the country’s transformation. Affiliated with the 
Ministry of Employment and the Economy, Tekes funds many research projects in 
companies, multi-company partnerships, and business-university partnerships. With 
a budget of $560 million (in a country of only 5.2 million people), Tekes works in 
partnership with business and academia to identify key technology and application 
areas — including nano-sensors, ICT and broadband, health care, energy and the en- 
vironment, services innovation, and manufacturing and minerals — that can drive 
the Finnish economy. Tekes also operates a number of overseas technology liaison 
offices that conduct “technology scanning,” seeking out emerging technologies bear- 
ing on the competitiveness of Finnish industries, and sponsors foreign outreach ef- 
forts to help its domestic companies partner with foreign businesses and research- 
ers. 

Similarly, Japan’s New Energy and Industrial Technology Development Organiza- 
tion (NEDO) is a quasi-public agency that receives its $2 billion budget from the 
Ministry of International Trade and Industry. Great Britain’s new Technology Strat- 
egy Board is a non-departmental public body (similar to an independent government 
agency in the United States) whose mission is to drive forward the government’s 
national technology strategy. In South Korea, the Korea Industrial Technology 
Foundation, established in 2001, engages in a wide range of technology activities, 
including providing training to develop industry technicians and cooperating with 
international entities to promote industrial technology development. A host of other 
nations have similar bodies dedicated specifically to promoting innovation and com- 
petitiveness. 

Most foreign innovation-promotion agencies provide grants to companies for re- 
search, either alone or in consortia, including in partnership with universities. All 
support university-industry partnership grant programs, whereby companies or 
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business consortia can receive grants (usually requiring matching funds) to partner 
with universities on research projects. Vinnova, Sweden’s innovation-promotion 
agency, gives most of its grants to research consortia involving companies and uni- 
versities. 

Most agencies focus their resources on specific areas of technology. For example, 
by working with business and academia, Tekes has identified 22 key technology 
areas to fund. Many foreign programs have expanded their focus to include service 
sector innovation. One of Tekes’ focus areas is innovation in services, including in- 
surance and finance, retail and wholesale trade, logistics, and knowledge-intensive 
business services. The United Kingdom’s Technology Strategy Board is working with 
knowledge-intensive industries such as creative and financial services in addition to 
the high-tech and engineering sectors. Most programs insulate their grant making 
from political pressure by using panels of outside experts to review grant applica- 
tion, just as our National Science Foundation and the Technology Improvement Pro- 
gram (TIP) do. 

Most agencies also support national sector-based activities that bring together re- 
searchers in the private, non-profit and public sectors. For example, the UK’s Tech- 
nology Strategy Board established its Innovation Platforms program to bring to- 
gether government stakeholders and funders, engage with the business and re- 
search communities to identify appropriate action, and align regulation, government 
procurement and other public policies to support innovative solutions. To date, this 
program has identified two priority areas, intelligent transport systems and network 
security. 

One of the benefits of these programs is that they not only fund research projects 
but also facilitate networking and collaboration. For example, Tekes brings together 
in forums many of the key stakeholders in the research community. For each of its 
22 technology areas there are networking groups of researchers. In addition, Tekes 
publishes a description of each project it funds. Through these processes, research- 
ers learn more about research areas and gain opportunities to collaborate. Many 
agencies also work with industry on “roadmapping” exercises, whereby key partici- 
pants (industry and academic researchers and government experts) identify tech- 
nology challenges and key areas of need over the next decade. They then base their 
selection of research topic funding on the results of the roadmap exercise. The UK’s 
Technology Strategy Board is funding over 600 collaborative business-university re- 
search projects which have been launched over the past two to three years. Like 
Tekes, it is also responsible for more than 20 industry-and technology-based knowl- 
edge transfer networks, with more being established. 

Foreign innovation-promotion agencies do not limit their activities to R&D sup- 
port. The Danish Technological Institute and Iceland Technology Institute, for ex- 
ample, help small and mid-sized firms upgrade their technologies and business proc- 
esses. Enterprise Ireland offers workforce training grants to small and mid-sized 
businesses. 

Many innovation-promotion agencies also have foreign outreach efforts to help do- 
mestic companies partner with foreign companies or researchers. For example, 
Tekes has a number of overseas offices that act as technology liaisons including in 
Washington, DC, Singapore and South Korea. Indeed, 40 percent of Tekes-funded 
projects involve international collaboration. Spain’s innovation-promotion agency, 
CDTI, also helps Spanish businesses find partners in other nations and provides up 
to 60 percent funding to the participating Spanish firm. 

Most of these organizations are affiliated with, but separate from, national cabi- 
net-level agencies similar to our Commerce Department. However, some are inde- 
pendent government agencies or government-sponsored corporations. The Danish 
Technological Institute is a private, nonprofit organization. In virtually all cases, 
though, these nations have made an explicit decision not to place their innovation- 
promotion initiatives under the direct control of large government departments. Al- 
though most innovation-promotion agencies are affiliated with those departments, 
they usually have a substantial degree of independence. It is common for these 
agencies to have their own executive director and a governing board of representa- 
tives from industry, government, university, or other constituency groups. For exam- 
ple, Japan’s government recently made a conscious choice to establish NEDO as an 
autonomous agency because it realized that MITI, as a large government bureauc- 
racy, did not have the flexibility needed to manage such a program. NEDO is gov- 
erned by a board of directors, with the Chair appointed by MITI and members from 
industry, universities and other government agencies. Similarly, Tekes is affiliated 
with the Ministry of Trade and Industry but has its own governing board that in- 
cludes national and regional government, businesses and union representatives.33 
The Technology Strategy Board, begun in 2004 as a unit of the Department of Trade 
and Industry, was established in 2007 as an executive non-departmental public 



35 


body. While it is now affiliated with the Department for Innovation, Universities 
and Skills, it is governed by a board made up mostly of technical experts from in- 
dustry.^-t 

One reason for structuring innovation-promotion agencies this way is that they 
have more flexibility, including the ability to pay salaries high enough to attract 
staff from the business world and the ability to employ some staffers who are on 
leave from positions in private business. For example, about one-third of the NEDO 
staff is from industry and one-third is from universities, while the remaining third 
is full time NEDO staff. Rotating in outside staff helps keep the agency in touch 
with current business practices and cutting-edge technology. (For similar reasons, 
NSF employs some people who are on leave from academic and research positions 
outside the Federal Government.) The Technology Strategy Board has been able to 
source a fairly large share of its staff from industry, enabling it to have the kind 
of expertise that would be difficult without this ability. In addition, independent 
government bodies can adapt more quickly than those that are subject to the tight 
control of larger agencies. It is easier for them to start new initiatives and abolish 
less effective ones. Likewise, many national technology agency programs are able to 
pay employees more than the standard government salaries, enabling them to at- 
tract higher quality individuals, often with industry experience. Nevertheless, most 
of these agencies are fairly lean. For example, Tekes, with a budget equivalent to 
$560 million, has a staff of just 300. 

To be effective, these agencies need to be flexible and able to work closely with 
industry. For this reason they are less bureaucratic than traditional ministries or 
departments. As the UK government notes, “As separate legal entities, non-depart- 
mental public bodies can operate more flexibly than executive agencies, entering 
into partnerships and taking commercial and entrepreneurial decisions.” Moreover, 
“their distance from government means that the day-to-day decisions they make are 
independent as they are removed from ministers and civil servants.”^® Foreign inno- 
vation-promotion agencies today are a far cry from the strongly directive Japanese 
MITI of the 1980s. They do not try to decide the path of business innovation and 
then induce firms to follow that path. Instead, they exemplify the cooperative, facili- 
tative government role that is needed to address the market failures that hamper 
the innovation process. 

If the United States wanted to match Finland’s outlays per dollar of GDP in inno- 
vation-promotion efforts, it would have to invest $34 billion per year. While other 
nations invest less in their innovation-promotion agencies than Finland, they still 
invest considerably more than the United States. As a percent of their countries’ 
GDPs, Sweden spends 0.07 percent, Japan 0.04 percent and South Korea 0.03 per- 
cent on their innovation promotion agencies. To match these nations on a per-capita 
basis, the United Sates would have to invest $9 billion to match Sweden, $5.4 billion 
to match Japan, and $3.6 billion to match South Korea.®® It is astounding that 
economies a fraction the size of the United States spend more on innovation-pro- 
motion in actual dollars, let alone as a percentage of their economy. 

But compared with other industrialized democracies, the U.S. government invests 
relatively little in innovation-promotion efforts. In fiscal year 2006, the Federal Gov- 
ernment spent a total of $2.7 billion, or 0.02 percent of gross domestic product, on 
its principal innovation programs and agencies: the National Institute of Standards 
and Technology’s Advanced Technology Program and Manufacturing Extension 
Partnership, the White House’s Office of Science and Technology Policy, three NSF- 
administered innovation programs (Small Business Innovation Research, Small 
Business Technology Transfer and Industrial Technologies Program), and the De- 
partment of Labor’s Workforce Innovation Regional Economic Development 
(WIRED) program. 

This places U.S. industries and corporations operating alone at a disadvantage 
against foreign corporations that benefit from coordinated and enlightened national 
strategies among universities, governments and industry collaborations to foster 
competitiveness. For example, the Japanese government has recognized advanced 
battery technology as a key driving force behind its competitiveness, and views bat- 
tery technology as an issue of “national survival.”®'^ It is funding Lithium-ion bat- 
tery research over the five-year period from October 2007 to October 2012 at $275 
million (¥25 billion), and longer term has committed to a 20-year Li-ion battery re- 
search program. Germany’s government will provide a total of €1.1 billion ($1.4 bil- 
lion) over ten years to applied research on automotive electronics, lithium ion bat- 
teries, lightweight construction, and other automotive applications.®® 

2. Services Innovation Initiatives 

As services increasingly drive employment, productivity, and economic growth, a 
number of countries have developed explicit national services innovation policies fo- 
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cused on spurring innovation in the services sectors of their economies. Policy- 
makers in these countries have recognized that knowledge of services innovation 
has largely been informed by studies of the manufacturing sector, and acknowledged 
the need to tailor unique measures to the needs of services firms and industries.^® 

The focus on service innovation began in the mid-2000s with a coterie of small 
Northern European countries — Finland, Denmark, Norway, The Netherlands and 
Sweden — and has since grown to include additional small countries in Europe and 
Asia (Taiwan, Ireland and Singapore) and large nations (Great Britain, Canada and 
Germany). Finland was the first to implement a national services innovation policy, 
with a five-year, €100 million program launched in 2006 called “SERVE — Innova- 
tive Services Technology Programme.” Finland’s neighbors soon followed suit, rec- 
ognizing the increasing importance of services as their domestic manufacturing in- 
dustries departed for cheaper production centers abroad, particularly in the form of 
“near-shoring” to Baltic and Eastern European countries. The same phenomenon af- 
fected developed Pacific Rim countries, as manufacturing moved first from Japan 
and Taiwan to cheaper production centers in China, and now out of China and on 
to the poorer nations of Southeast Asia. This process has forced almost all industri- 
alized countries to seek to migrate their economies up the value chain towards 
knowledge-based, high-value-added services activities such as R&D, design, finance, 
consulting/training, and post-installation service and support. 

Policy approaches quickly evolved into two main strands. First, these countries 
strove to develop framework conditions that support competitive services industries. 
As they began to scrutinize their services industries, these countries found they first 
needed considerable work in setting favorable framework conditions, such as remov- 
ing barriers to labor market mobility in services industries, further opening and in- 
tegrating cross-border services markets, developing better accounting practices for 
intangible assets, updating intellectual property and trade laws to accommodate the 
unique characteristics of services, developing core information technology infrastruc- 
ture, and providing structures and incentives to encourage services exports. 

Second, with this supportive policy framework in place, these countries imple- 
mented specific programs to support innovation in services businesses. Specific ef- 
forts (and at least one sample country implementing them) include: 

• Boosting academic research in the area of services innovation and services 
business, especially research on creating innovative services-based business 
models, quantifying improvements in services productivity, and enhancing the 
quality of services delivery. (Finland, The Netherlands, Denmark) 

• Funding Services Science research; that is, cross-disciplinary research that 
draws on fields such as computer science, management, operations, marketing 
and organizational behavior. (Singapore, Taiwan) 

• Extending research and experimentation tax credits to services industries; es- 
pecially, defining where the “innovative step” occurs for services firms. (Nor- 
way and The Netherlands) 

• Developing innovation metrics that measure innovation in services, not just 
advanced manufacturing, and looking for “hidden innovation” in services in- 
dustries. (Great Britain, the United States, Ireland) 

• Supporting the development of creative industries through establishing re- 
gional design centers. (South Korea, the Netherlands, Great Britain) 

• Providing online self-assessment tools that allow companies to benchmark 
their innovation infrastructures (R&D budgets, number of employees, intellec- 
tual property strategies) against in-nation and in-industry peer companies. 
(Great Britain and European Union) 

• Benchmarking services innovation policies across European countries. (Euro- 
pean Union) 

3. Tax Incentives for Researeh and Development 

The tcix incentives the U.S. government provides corporations for R&D activities 
have fallen from the most generous in the world in the late 1980s to 17th among 
30 OECD countries in 2004.^3 Many nations now provide significantly more gen- 
erous tax incentives for research than does the United States. From leading the 
world in the late 1980s, the United States by 1996 fell to seventh most generous 
among OECD nations, behind Spain, Australia, Canada, Denmark, the Netherlands 
and France.'^® By 2004, we had fallen to 17th in generosity for general R&D; 16th 
for machinery and equipment used for research; and 22nd for buildings used for re- 
search.'^® 

Among nations with a teix incentive for R&D, the United States now provides one 
of the weakest incentives, below our neighbors Canada and Mexico, and behind 
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many Asian and European nations. Japan’s credit is almost three times as generous 
as the United States’, and for small companies it’s four times as generous. In 2004, 
France adopted a credit essentially equivalent to a 40 percent incremental R&D tax 
credit. In an explicit effort to attract U.S. corporate R&D, our neighbor to the north 
is even more generous. In Canada, large companies are eligible for a flat 20 percent 
credit while small companies can receive a 35 percent credit; in many provinces, 
equally generous credits can be taken on top of the Federal credit. Indeed, over the 
past decade, all other nations with R&D tax incentives have boosted the generosity 
of their R&D tax incentives, particularly since 2000.^'^ 

At a time of increased concern about America’s growing competitiveness chal- 
lenge, our tax credit has been getting weaker, both in absolute terms and relative 
to other nations, in part because of changes made by Congress over the years that 
have diminished its generosity.'^® In fact, until the passage in 2006 of the Alter- 
native Simplified Credit, the credit was about half as generous as it was in the early 
1980s.'‘® Even with the recent increases in R&D teix incentives (the passage of the 
Alternative Simplified Credit in 2006 and its expansion in the Emergency Economic 
Stabilization Act of 2008), the United States moved up only to 14th place. Out of 
the 21 OECD nations that offered R&D teix credits in 2008, the United States 
ranked 17th. The United States would need to increase the ACS to 20 percent to 
move up to 10th place, 31 percent to move to 5th place, and 47 percent to become 
the most generous of the OECD nations.®® However, this doesn’t include non-OECD 
nations such as India, China and Brazil, all of which have significantly more gen- 
erous tax incentives to attract multinational R&D. India’s R&D tax credit is now 
four times that of the United States. On top of salaries for R&D personnel that are 
as low as one-sixth of the costs in the United States, China provides a 150 percent 
deduction on R&D expenses (provided that R&D spending increased ten percent 
over the prior year). Some countries, including Denmark and the Netherlands, have 
begun to extend R&D tax credits to cover process R&D activities, effectively extend- 
ing the R&D tax credit from their goods to services industries as well. 

4. High-Skill Immigration 

Over the last decade, many nations have liberalized their policies regarding high- 
skill immigration, while the United States, in stark contrast, has restricted its poli- 
cies. In a study benchmarking high-skill immigration policies in eight nations (the 
United States, Canada, New Zealand, Australia, Japan, Great Britain, Germany 
and France), “Global Flows of Talent: Benchmarking the United States,” ITIF found 
that the United States trails other peer countries in developing a proactive approach 
to attract high-skill foreign workers. ®i 

Using data from 2001 to 2006, the United States received an average of about 

67.000 highly skilled permanent immigrants per year, with Canada receiving 56,000 
per year, Australia 20,000 and New Zealand about 10,000.®^ As a share of their pop- 
ulations, these rates are all several times larger than those in the United States — 
more than 11 times larger in the case of New Zealand. 

ITIF’s study of the immigration policies of those eight countries found three broad 
approaches. The first group — Australia, Canada and New Zealand-conceive of immi- 
grants as a source of economic growth and consider highly skilled immigrants espe- 
cially valuable contributors. The second group-the United States and Great Brit- 
ain — are more amenable towards immigration but do not place high priority on tilt- 
ing the mix of immigrants toward the talented. The third group — France, Germany 
and Japan — tend to view highly skilled immigrants (and immigrants in general) 
more as threats to native workers than as positive additions to national well-being. 

While the United States may not be as reflexively anti-immigration as some other 
industrialized countries, in recent years it has severely limited the flow of foreign 
talent entering the country at a time when the science and engineering workforce 
in the United States has become increasingly reliant on foreign talent. In 1995, non- 
U.S. citizens accounted for only six percent of the U.S. science and engineering 
workforce; by 2006, that percentage had doubled to 12 percent, and for the youngest 
cohort of scientists and engineers (ages 21 to 35), the percentage rose to 20 percent. 

With the United States restricting the number of H-IB visas issued annually to 

85.000 from 2006 to 2008 (and 65,000 as of today),®® almost 50 percent of highly 
talented foreign professionals who applied for temporary work in the United States 
in the years 2006 to 2008 were turned away. Limiting the influx of talented foreign- 
born science and engineering professionals not only hurts U.S. competitiveness, it 
may also contribute to the decision of companies to source R&D operations abroad 
to be closer to local pools of S&E talent. 
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Why Does the United States Need a Robust Innovation Poliey? 

The global competitive landscape continues to stiffen as a number of countries get 
serious about creating favorable climates that attract foreign direct investment and 
R&D activities and that support the innovation efforts of their domestic corporations 
and workforce. It is time for the United States to articulate and implement an inno- 
vation-led economic growth strategy to respond to global economic competitiveness 
challenges. 

But before detailing some of the key elements of such a strategy, it is first worth 
briefly discussing why there is a need to develop such a strategy. Unfortunately in 
the United States too many conventional “neoclassicalist” economists hold on to the 
antiquated view that economic welfare is maximized by individual firms acting as 
independent utility maximizers, doing what is best for them individually. In fact, 
according to this view, many policy efforts to help firms become more innovative will 
only make things worse. Indeed, the worst possible sin in the eyes of neoclassical 
economists is to “pick winners and losers” (an absurd characterization since nations 
only pick winners, not losers). Substituting for the wisdom of the market can only 
lead to a worse, not better, allocation of resources, they opine. 

Because of that, many conventional neoclassical economists argue that policy 
makers should be indifferent to the occupational and industrial mix of the U.S. 
economy. For most neoclassical economists, the right industrial structure is the one 
that “the market” provides, because by definition market exchanges engaged in by 
two parties are what is known as “Pareto optimal.” Why else would the parties en- 
gage in them? Any attempt by policy makers to try to alter this invisible hand by 
increasing innovation output can only reduce, not increase, economic welfare. This 
view, it should be noted, is almost unique in the world. In no other nation, perhaps 
with the exception of British Commonwealth nations, does the economics profession 
consist of such a large cohort of neoclassicalists counseling such blind faith in mar- 
ket processes. 

This helps explain a key reason why so many neoclassical economists advising 
Washington have been so blase about the decline in U.S. high-tech manufacturing. 
To the extent that they are even willing to admit that high-tech manufacturing has 
declined, they simply assert as a matter of faith that domestic resources left idle 
by offshoring will automatically shift to new higher-productivity industries. The 
magic of the market will optimally reallocate resources. But only if one believes that 
economies are largely made up of “Coasian” factors of production that assemble and 
reassemble on the basis of prices could one take this view seriously. As innovation 
economist Greg Tassey argues, “The central failure of current economic growth mod- 
els is the assumption that shifts in relative prices will automatically elicit a 
Schumpeterian-type efficient reaction from domestic private markets — namely an 
adjustment involving development and assimilations of new technologies to replace 
offshored ones.” 

According to this view, if a high-wage, high-tech firm like Boeing, for example, 
were to go out of business because of unfair European Commission subsidies to Air- 
bus, as long as America maintains flexible labor and capital markets, these re- 
sources will flow into other industries, including into expanding or new firms and 
sectors. In such a market environment, policies are needed only to facilitate the 
transition of resources from losing to winning companies, including making sure 
that losing companies are not protected from this tough but necessary discipline, 
and helping workers get reemployed quickly. As a result, proponents of this view 
believe that as long as we have a good education system and don’t restrain creative 
destruction, then all should be well. 

This conventional view may have accurately described a country’s economy before 
the emergence of the globalization era over the last two decades. During the old 
economy era, if firms could not compete and went out of business, the only issue 
was making sure that their assets, including employees, were quickly redeployed to 
other companies that could compete successfully. If Boeing failed, Northrop Grum- 
man or Lockheed Martin would add capacity. 

But in the new global economy, in which knowledge is increasingly the major fac- 
tor of production, this framework no longer sufficiently explains industrial and eco- 
nomic change. As such, in the 21st century global economy, nations can no longer 
be indifferent to the industrial and value-added mix of their economy. In contrast 
to the neoclassical view, knowledge is not a free-flowing commodity held solely by 
individuals. It is embedded in organizations and if organizations die so too does a 
significant amount of knowledge. Moreover, there are significant spillover effects 
from firm activities and significant first-mover advantages, including learning ef- 
fects that enable firms’ early leads to translate into dominant positions. There are 
also significant network effects that mean that advancement in one industry (e.g., 
broadband telecommunications) can lead to advancement in a host of others (e.g.. 
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Internet video). As a result, for many parts of the U.S. economy exposed to inter- 
national competition, if you lose it, you can’t easily reuse it. In these cases, foreign 
high-value imports may end up substituting for the defunct U.S. product. 

To bring this back to a company like Boeing, if America were to lose Boeing, in 
all likelihood it could not rely on market forces, even a dramatic drop in the dollar, 
to later recreate a domestic civilian aviation industry. For to do so would require 
recreating not just the firm, but it’s complex web of suppliers, professional associa- 
tions, university programs in aviation engineering and other knowledge-sharing or- 
ganizations. 

Clearly if Boeing were to go out of business, the economy would quickly regain 
“equilibrium” as factors of production were reabsorbed. But neoclassical economics 
assume that there is only one equilibrium and it is the role of government to make 
sure that that the market attains it. But new research suggests that there may be 
multiple equilibria in an economy, some better than others. Indeed, while economies 
can attain equilibrium, absent a robust innovation policy that equilibrium may not 
be a high-wage, high-skill equilibrium. Research by economist Elvio Accinelli has 
shown that there is strategic complementarily between the percentage of high-skill 
workers and high-value added, innovative firms in an economy. He finds that econo- 
mies can be in perfect neoclassical equilibrium at either a high level of innovation 
or in a “poverty trap” of low skills and underinvestment in innovation. Since the 
poverty trap can be avoided if the number of innovative firms in an economy ex- 
ceeds a threshold level leading to an increased number of skilled workers, there is 
a role for public policy to move economies to a high-level equilibrium on innova- 
tion.®® 

But there is a second reason for an innovation policy and that is because econo- 
mies are subject to a host of “market failures” with the implication that markets 
acting alone will not always lead to optimal performance. Following are five market 
failures that cause markets to perform suboptimally: 

1. Because individual firms cannot capture all the benefits of their own 
innovative activity, firms will produce less innovation activity than society 
needs. The first market failure has to do with who benefits from private companies’ 
investments in innovation. The knowledge needed to create new products, processes 
and organizational forms is not something that can be completely contained within 
an individual firm. It inevitably spills over to other firms, which can use it without 
paying the costs of creating it. For example, an entrepreneur develops a new busi- 
ness model that others copy. A university transfers discoveries from the lab to the 
marketplace. A company makes a breakthrough that forms the basis of innovations 
that other companies can use. This is why studies have found that the rates of re- 
turn to society from corporate R&D and investments in IT are at least twice the 
estimated returns that the company itself receives.®® Firms’ inability to capture all 
the benefits of their own innovative activity means that firms, left on their own, will 
produce less innovation than society needs. 

2. R&D increasingly depends on collaboration between firms and univer- 
sities but the interests of the collaborators are not well-aligned. Problems 
with the important interactions of firms and universities represent another area of 
possible market failure. As short-term competitive pressures make it difficult for 
even the largest firms to support basic research and even much applied research, 
firms are relying more on university-based research and industry-university collabo- 
rations. Yet, the divergent needs of firms and universities can hinder the coordina- 
tion of R&D between these two types of institutions. University researchers are not 
necessarily motivated to work on problems that are relevant to commercial needs. 
University technology transfer offices do not always promote the licensing of univer- 
sity intellectual property to firms. Conversely, individual businesses sometimes 
want to “rent” universities’ research capabilities and appropriate the resulting re- 
search discoveries for themselves. This can impede the free flow of knowledge that 
can contribute to innovation elsewhere in the economy.®^ 

3. Many industries and firms lag in adopting proven technologies. Market 
failures also plague the diffusion of innovation. Outside of relatively new, science- 
based industries such as information technology and biotechnology, many industries 
lag in adopting more productive technologies. For example, the health care industry 
has lagged in adoption of available technologies that could boost productivity and 
health care quality.®® The residential real estate industry has resisted moving to- 
ward more Internet-enabled sales.®® The construction industry is plagued by ineffi- 
ciencies and failure to adopt best-practice technologies and techniques.®® A host of 
market failures, including chicken-or-egg issues related to standards and technology 
adoption and principal-agent problems where innovation may hurt the implementers 
of it (e.g., real estate agents embracing e-realty systems) impede faster productivity 
growth in these sectors of the economy. 
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4. The innovation producing benefits of industry clusters are under-real- 
ized. A fourth market failure involves the under-recognition of industry clusters’ 
role in innovation. Both the creation and the diffusion of innovation often occur in 
geographic clusters. Geographic industry clustering enables firms to take advantage 
of common resources (e.g., a workforce trained in particular skills, technical insti- 
tutes or a common supplier base), to facilitate better labor market matching and to 
facilitate the sharing of knowledge. This process may be particularly relevant in in- 
dustries that rely more on the creation or use of new knowledge, as clustering ap- 
pears to spur knowledge transfers. Such industries are especially likely to cluster 
in large metropolitan areas.®^ Perhaps the best known cluster is Northern Califor- 
nia’s Silicon Valley, where a large agglomeration of high-tech firms, research univer- 
sities such as Stanford, technical colleges to train high-tech workers, venture cap- 
italists, and other supporting institutions make it the world’s most vibrant tech- 
nology region. But Silicon Valley is not the only region in the United States with 
industry clusters: From the furniture cluster in Tupelo, Mississippi; to the jewelry 
cluster in Rhode Island and southern Massachusetts; to the recreational vehicle 
cluster in Elkhart, Indiana; to the biotechnology clusters in the Boston, Washington, 
DC, and San Diego metropolitan areas, regional industry clusters abound. And as 
these examples show, clusters are not only made up of “high-tech” firms. Moreover, 
clusters are not confined to manufacturing, but also exist in a host of service indus- 
tries, including financial services in New York, movies and music in Hollywood, soft- 
ware in Seattle and gaming in Las Vegas. Evidence suggests that industry clus- 
tering may have become more important for productivity growth during the last 
three decades; the extent to which an industry was geographically concentrated (at 
the metropolitan or county level) was increasingly associated with subsequent pro- 
ductivity growth during the last three business cycles.®^ 

Yet because the benefits of geographic clustering spill over beyond the boundaries 
of the firm, market forces produce less geographic clustering than society needs. 
Each firm in a cluster confers benefits on other firms in the cluster, but no indi- 
vidual firm takes these “external” benefits it produces into account when making 
its own location decisions. In addition, the firms in a cluster have common needs 
(e.g., for worker training or infrastructure) that they cannot meet on their own. 
Clustered firms usually require external coordination (e.g., from governments or in- 
dustry associations) to meet these needs because no one firm can capture all the 
benefits. Failure to meet these common needs makes clusters smaller and less pro- 
ductive than they would otherwise be. If the benefits of clustering to all firms in 
the United States were considered and the common needs of all firms in each clus- 
ter met, there would be more clustering, and thus more innovation and higher pro- 
ductivity. 

5. The interests of geographically mobile firms in locating innovative ac- 
tivity may diverge from those of U.S. residents. There is one other failure that 
has emerged in the last decade or so and that, while not a market failure per se, 
results in too little innovation in the United States. That failure is the potential di- 
vergence between the interests of geographically mobile firms and those of the resi- 
dents of the United States.®® Firms’ decisions about where to locate innovative activ- 
ity are based on their own interests, which may or may not coincide with the inter- 
ests of a place’s residents. Since World War II and the emergence of a truly national 
market, most U.S. states have put in place policies to tilt the choice of corporations 
to invest in their states. To be sure, even the most liberal governors recognize and 
respect the power and primacy of markets as the key driver of prosperity. But even 
the most conservative governors recognize that this market-produced bounty does 
not always automatically end up in their own jurisdiction. For this reason, both Re- 
publican and Democratic governors “intervene” in their economies with robust eco- 
nomic development policies. They are not content to let the “market” determine 
what kind and how many jobs are created: they work to ensure that they gain more 
high-paying, high-productivity jobs. With the rise of the globally integrated enter- 
prise, the United States faces the same reality states faced after World War II: 
without robust economic and innovation policies, it risks losing out in global com- 
petition. 

These failures in the process of innovation and its diffusion suggest that, left to 
itself, the market will produce less innovation and lower productivity in the United 
States than our society needs. In a globally competitive world, this is a limitation 
that we can no longer afford. What is more, these market failures in turn suggest 
that there are several ways in which government can improve the process. 
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What Steps Should Congress Take to Boost U.S. Innovation and Competi- 
tiveness? 

The government’s role in addressing these market failures is not to reflate busi- 
ness or to direct the path of technological or economic development. We do not advo- 
cate a heavy-handed, government-driven industrial policy. Indeed, such a policy can- 
not be nimble enough to respond to the kinds of market failures that afflict the in- 
novation process. At the same time, though, we do not advocate giving away public 
funds to companies without any public benefit. Government should be a facilitator 
that spurs firms to innovate in ways that serve the public interest. Economist Dani 
Rodrik captures this view of the appropriate relationship between government and 
business with respect to innovation policy when he describes “an interactive process 
of strategic cooperation between the public and private sectors which, on the one 
hand, serves to elicit information on business opportunities and constraints and, on. 
the other hand, generates policy initiatives in response.”®"^ Political scientist Dan 
Breznitz similarly writes that a government innovation-promotion agency should not 
pick strategic products or technologies but should motivate firms, individually and 
in cooperation with other firms and government, to make the investments needed 
to innovate.®® In short, while we believe that the private sector should lead in inno- 
vation, we also believe that in an era of globalized innovation and intensely competi- 
tive markets the Federal Government can and should play an important enabling 
role in supporting private sector innovation efforts. Indeed, many nations have al- 
ready come to this realization. In recent years, they have come to understand that 
markets relying on price signals alone will not always be as effective as smart pub- 
lic-private partnerships in spurring higher productivity and greater innovation. It 
is time for the United States to do the same. There are two major areas where the 
United States needs to act, one domestic and one international. 

More Robust Trade Enforeement 

It will be difficult for the United States to regain global innovation leadership if 
we continue to largely turn a blind eye to rampant foreign policies that distort the 
spirit, if not often the letter, of the WTO, with the goal of limiting U.S. imports of 
high tech products and services and promoting their exports. These countries want 
it both ways. They desperately want access to the U.S. market (and as reflected by 
the fact that the United States has run massive annual trade deficits, for instance, 
of almost $800 billion in 2006 alone,®® they are getting it) but they don’t want to 
buy U.S.-produced goods and services. They want U.S. foreign direct investment, 
particularly high-tech investment, through outsourcing, joint ventures and other 
types of investment, but they also want to systematically weaken the competitive 
advantage of U.S. technology companies in favor of their domestic technology com- 
panies. They want our wonderful technology and intellectual property, but they 
don’t want to pay for it. “Take” is not “trade.” 

These aggressive technology mercantilist policies have resulted in fewer high pay- 
ing technology jobs in the United States and have eroded the United States’ global 
innovation leadership position. As such if we want to stop the continued erosion of 
America’s technology leadership, the Federal Government will have to be much 
more vigilant and make fighting these unfair trade practices a top priority. Both 
Congress and the Obama Administration need to let countries know that they can’t 
expect to get the WTO’s benefits when they aren’t meeting its obligations. Countries 
are willfully violating these agreements and we need to make them live up to their 
commitments. 

While many of the tools for more aggressive enforcement of global trade policies 
are in the hands of the administration. Congress can play an important supporting 
role. To start with, we urge Congress to pass S.1466: The Trade Enforcement Act 
of 2009, which strengthens USTR’s trade enforcement powers and restructures the 
agency to more greatly focus on eliminating foreign barriers to exports.®'^ In short. 
Congress should hold USTR’s feet to the fire and expect them to wake up every 
morning figuring out how they are going to enforce trade agreements, and defend 
American technology jobs from the assault of unfair trade practices. 

Develop and Implement a More Robust National Innovation Policy 

Even with the orientation of many neoclassical economists there is a somewhat 
broad consensus that the role of the Federal Government should include support for 
basic research, education, and provision of a good regulatory climate. But while 
these are necessary ingredients, they are woefully inadequate in enabling the 
United States to increase its global rank in innovation-based competitiveness. In- 
deed the neoclassical model which not only posits an overly simplistic innovation 
process (the linear model) but also assumes tbat it is only basic research which re- 
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quires a government role is a poor guide to policy. Generic platform technologies, 
infra-technologies and risk reduction all also require a public-private approach. 
What are essentially ideological statements put forth by neoclassical economists, 
such as that the role of government is not to support applied research, are sup- 
ported by little logic and even less data and only serve to stop, not advance, needed 
reasoned analysis and discussion. With this in mind, I list a number of specific pro- 
posals that if enacted would help the U.S. regain its innovation lead. 

1. Spur Science, Technology, Engineering and Math (STEM) Education and 
Skills 

Ensuring an adequate supply of talented scientists and engineers is one key step 
in the U.S. innovation agenda. Following are three proposals to address the STEM 
challenge: 

la) Fund Specialty Math and Science High Schools 

A wide array of proposals before Congress seek to intervene upstream in the 
STEM pipeline at the K-12 level. These include expanding professional development 
programs for science teachers; enhancing science enrichment programs; using No 
Child Left Behind to judge scientific educational outcomes; and boosting science 
teacher quality, either through stricter requirements, providing incentives to attract 
higher quality teachers to science, and/or making it easier for scientists and engi- 
neers to become teachers. 

While these proposals have received the lion’s share of attention in the policy de- 
bates over STEM education, we believe that the focus is too broad. If funding were 
unlimited, such a broad-based strategy might make sense. But since funding is lim- 
ited and since less than ten percent of the U.S. workforce is engaged in STEM-re- 
lated careers, it makes more sense to focus limited funds more narrowly. In par- 
ticular, we believe that the most effective strategy to address the STEM challenge 
at the high school level is to significantly expand the number of specialty math and 
science high schools (MSHS). 

There are only about 100 math and science high schools across the nation, rang- 
ing from pull-out programs with 125 students, to full day pro^ams and dedicated 
high schools of over 4,000 students, to state sponsored residential schools, enrolling 
over 47,000 students in total.®® By creating an environment focused more intensely 
on science and technology, these schools have been able to successfully enable stu- 
dents to study science and math, often at levels far beyond what students in conven- 
tional high schools are at; they can then go on to degrees in math and science at 
relatively high levels. It’s time to build upon this successful model and significantly 
expand the number and scope of our nation’s math and science specialty high 
schools. 

Mathematics, science, and technology high schools differ from the general edu- 
cation found in comprehensive high schools in key ways. First, as the name implies, 
MSHSs focus much more extensively on STEM curricula. For example, in addition 
to the three years of lab science and three years of mathematics required by the 
state for high school graduation, Florida’s Center for Advanced Technologies offers 
students an opportunity to declare a mathematics and science major by taking four 
additional courses in mathematics and science, often Advanced Placement 
Courses.®® 

Second, students don’t just take more STEM courses; they take more advanced 
courses and do more advanced work. Indeed, the coursework and integrated cur- 
ricula of MSHSs go over and above the normal graduation requirements for general 
education students. For example, students at the Arkansas School for Mathematics, 
Sciences, and the Arts can take courses in Biomedical Physics, Immunology, Micro- 
biology, Multivariable Calculus, Number Theory, Differential Equations, Math Mod- 
eling, Computer Programming III, and Web Application Development. 

A third distinguishing feature of these schools is their level of partnership with 
other organizations. Collegiate, corporate, and alumni organizations have formed 
significant partnerships with these schools. While some partnerships have been in 
support of specific events, others have been long-term partnerships supporting re- 
search and innovation among students and faculty. Collegiate partners, for example, 
often provide classroom, dormitory, research and financial support to these schools. 
For example, at the Governor’s School of South Carolina, every rising senior is 
placed for six weeks in the summer at an off-campus program. Many of the students 
work with a research professor at an in-state university. 

While the educational environments are exemplary, the key question is whether 
they produce results. While formal studies are few, there is some evidence that 
these schools are highly effective at producing graduates not only with high levels 
of aptitude in STEM, but who go on to further study and careers in STEM. For ex- 
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ample, one study of 1,032 graduates finds, 99 percent of graduates enroll in college 
within one year of high school (compared to 66 percent nationally) while 79 percent 
complete college in four years (compared to 65 percent in private universities and 
38 percent in public universities)J° Moreover, graduates earn undergraduate and 
graduate degrees in mathematics, science, and technology fields in significantly 
higher numbers than the general population. Approximately 56 percent of MSHS 
graduates earn undergraduate degrees in mathematics or science-related fields, 
compared to just over 20 percent of students who earn an undergraduate degree. 
Over 40 percent of females earn such degrees, nearly double the national average. 
A key part of any solution to the STEM challenge needs to be the significant ex- 

g ansion of specialty math and science high schools. But because more so than other 
igh schools, math and science high schools produce benefits that local communities, 
and even states, will not capture, local school districts will under-invest in them. 
Rather than be seen as solely the responsibility of local school districts, or even 
states, they should be seen for what they are: a critical part of the scientific and 
technological infrastructure of the nation. Thus, we believe that the National 
Science Foundation should play a key role in supporting and expanding such 
schools. As a result. Congress should set a goal of approximately quintupling 
enrollment at sueh high schools to around 250,000 students. This will re- 
quire hoth the creation of a significant number of new high schools, but 
also expansion of others with room to grow. To do this. Congress should 
allocate $100 million a year for the next five years to the National Science 
Foundation to be matched with funding from states and local school dis- 
tricts and industry to invest in both the creation of new MSHSs and the 
expansion of existing ones.'^i Moreover, a share of these funds should go toward 
establishing MSHSs focused on under-represented populations. States and/or local 
school districts would be required to match every dollar of Federal support with two 
dollars of state and local funding. Industry funding would count toward the state 
and/or local school district match. 

lb) Fund Joint Government-Industry STEM Ph.D. Fellowships 

One key factor in producing more Ph.D. degrees in STEM, especially by U.S. resi- 
dents, is the ability to support doctoral fellowships. But as Richard Freeman notes, 
the number of NSF graduate research fellowships awarded per thousand of college 
students graduating with degrees in science and engineering went from over seven 
in the early 1960s to just over two in 2005. Today the same number of NSF grad- 
uate research fellowships are offered per year as in the early 1960s, despite the fact 
that the number of college students graduating with degrees in science and engi- 
neering has tripled.^^ But rather than simply expand funding for the NSF Graduate 
Research Fellowship program (funded at $102 million) to do this. Congress should 
instead create a new NSF-industry Ph.D. fellows program. Currently the program 
provides up to three years of support over a five year period and supports approxi- 
mately 3,400 students per year at $40,500 per year.^® The new NSF-industry pro- 
gram would work by enabling industry to fund individual fellowships of $20,250 
with NSF to match industry funds dollar-for-dollar. Congress should allocate an 
additional $21 million to a joint industry-NSF STEM Ph.D. fellowship pro- 
gram. This would allow NSF to support an additional 1,000 graduate fellows. 

Individual companies could commit to supporting American residents in whatever 
fields that the companies are interested in. Students would of course be under the 
supervision of their university faculty, and ultimately dissertation advisor, but in- 
dustry would be able to build a relationship with the student. For example, a com- 
pany might offer the student a summer internship at one of the company’s labora- 
tories, helping the student to get a better sense of actual research challenges the 
company faces. 

To be sure, this program would be slightly more complicated to administer. First, 
companies would have to be informed of the program and propose graduate fellow 
areas of study. Prospective fellowship applicants would have to identify which 
awards they are most interested in applying for. However, with the Internet, such 
matching would be relatively straightforward, with students indicating their in- 
tended areas of study and the online program identifying relevant fellowship oppor- 
tunities. If after three years, it turns out that industry does not support the pro- 
gram in great enough numbers or students and universities are not interested in 
the program, then it could and should be terminated and the funding redirected into 
the regular fellows program. 

However, this program would have two advantages over the regular NSF fellows 
program. First, by leveraging industry funds. Federal dollars would go twice as far. 
Instead of having to appropriate $42 million to fund 1,000 additional fellowships, 
they could appropriate $22 million instead. Second, and more important, engaging 
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industry as a partner would help selected graduate students better understand how 
research is conducted in industry and better understand the interdisciplinary nature 
of today’s innovation process. Both of these challenges have been the subject of in- 
creasing focus by scholars writing about STEM graduate education. There have been 
several studies about the growing disconnect between the training that graduate 
students receive and their future job responsibilities. Most doctoral programs still 
train students as if they were going to be going into academic teaching and research 
careers. But increasingly this is not the case.'^® For example, one survey of doctoral 
chemistry students found that only 36 percent intended to go into academia (com- 
pared to 76 percent of English students).'^® As Campbell, Fuller and Patrick have 
argued, “graduate education needs to be broadened from its research focus to in- 
clude a wider range of training for the careers students are pursuing and to reflect 
the versatility needed to work in an increasingly global job market, where collabora- 
tion between industry, universities, and government agencies is the norm rather 
than the exception.” Finally, for those who worry that industry funding will some- 
how taint the scientific learning process, it is important to remember that students 
would be guaranteed the funds as long as the university agreed that the student 
was performing up to standards.'^® 

Ic) Allow Foreign Students Reeeiving STEM Ph.D.s from U.S. Universities 
to Automatieally Qualify for Green Cards 

While ideally the supply of American STEM workers will expand to fill the gap, 
the likelihood of that happening in the near- to moderate-term is unlikely, even if 
Federal efforts to support STEM education expand significantly. Yet welcoming the 
world’s most skilled foreign-born scientists and engineers into the land of economic 
opportunity that America affords has long been one of the strengths of the U.S. na- 
tional innovation system. The U.S. economy and the standard of living for American 
citizens have benefited enormously from this influx of foreign talent. AnnaLee 
Scixenian, a professor at the University of California-Berkeley, has shown that In- 
dian and Chinese entrepreneurs founded or co-founded roughly 30 percent of all Sil- 
icon Valley startups in the late 1990s. 

Recognizing this, over the last decade many nations have liberalized their policies 
regarding high-skill immigration, while the United States, in stark contrast, has re- 
stricted its policies. In a study benchmarking high-skill immigration policies in eight 
nations (the United States, Canada, New Zealand, Australia, Japan, Great Britain, 
Germany and France), ITIF found that the United States trails other peer countries 
in developing a proactive approach to attracting high-skilled foreign workers.®® 

Moreover, the current system of employer sponsorship signals only that potential 
immigrants are desirable employees. A system that allowed additional criteria to be 
considered, like those used in the point systems of Australia, Canada and New Zea- 
land, would meet policy objectives better. (Applicants for immigration in these coun- 
tries receive points for such characteristics as education, work experience and lan- 
guage skills. Those surpassing an adjustable point threshold are admitted. Having 
a job offer in hand and meeting a designated occupational shortage may add points 
to an individual’s application, but it is usually possible to meet the pass mark with- 
out either of these attributes.) Toward that end, foreign graduate students in STEM 
fields should be given special preference within such a system, even if they have 
not received job offers. To do this. Congress should automatically make recipi- 
ents of advanced science and engineering degrees eligible for permanent 
residency. Providing additional opportunities for green cards not tied to employ- 
ment could allow highly skilled foreign graduates to make more creative contribu- 
tions to the economy more quickly by working in smaller and riskier businesses. 

2. Create a National Innovation and Competitiveness Strategy Modeled on 
the National Broadband Strategy 

The United States needs to create millions of new good-paying jobs over the next 
decade. If the United States wants to do this and be successful in the global econ- 
omy, it is critical that the Federal Government develop a serious, in-depth, and ana- 
l 3 dically-based national competitiveness strategy. We are in fact one of the few na- 
tions without one. Denmark, the United Kingdom, South Korea, The Netherlands 
and Ireland are just a few of the nations that in recent years spent the time and 
effort to craft a national competitiveness strategy. The last time the United States 
did anything similar was President Carter’s Domestic Policy Review on Industrial 
Innovation in 1978. This review was in fact extremely important in setting the stage 
for a number of important Congressional initiatives in the following decade, includ- 
ing the R&D tax credit, the Bayh-Dole Act, the National Cooperative R&D Act, and 
the Stevenson- Wydler Technology Innovation Act. 
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It should be noted that ITIF is not advocating industrial policy or top-down direc- 
tion of innovation. Thus we have deliberately chosen the term “agenda” to describe 
the outcome of a process that we believe must engage private and civil society con- 
stituencies and reflect the bottom up as well as top down nature of innovation. This 
would allow the development of a robust national innovation agenda. Its value 
would be apparent in allowing our country to more effectively address complex chal- 
lenges with “whole of government” solutions, galvanize the public by advancing a 
useful narrative around innovation, enable us to engage more effectively with global 
innovation constituencies, and most importantly allow us to reinvent the traditional 
sources of our economic and societal success. 

The American Recovery and Reinvestment Act charged the FCC with the develop- 
ment of a national broadband plan. The next America COMPETES Act should 
charge the White House Office of Science and Technology Policy with the develop- 
ment of a national competitiveness strategy. Adequate funding should be provided 
to bring in an outside director with deep technical and policy knowledge and hire 
individuals with technical and business experience. 

A national innovation strategy would provide an opportunity to engage in a com- 
prehensive analysis of the key factors contributing to future U.S. competiveness. 
Legislation to create this could require that the strategy focus on a number of broad 
issues, going more in depth on each. These should include assessing: 1) current U.S. 
competitiveness, including at the major industry level; 2) current business climate 
for competiveness (including tax and regulatory); 3) trade and trade policy issues; 
4) education and training; 5) science and technology policy; 6) regional issues in 
competitiveness (including the role of state and local government and impacts on 
rural, urban and other regions); 7) measurement and data issues; and 8) proper or- 
ganization of government to support a comprehensive innovation and competitive- 
ness agenda. 

3. Spur Technology Commercialization 

While the United States remains a leader at nurturing innovation and commer- 
cializing new inventions, the process can and should be improved. The United States 
will forfeit technology leadership unless it finds ways to accelerate entry of new 
growth sectors. The U.S. innovation system separates fundamental research from 
incremental development, with the former increasingly performed at research uni- 
versities and labs with Federal support, and the latter performed by industry. Con- 
nections between these sectors need significant strengthening, so there is a smooth- 
er and more active hand-off process. Recommendations include: 

3a) Create an SCNR (Spurring Commercialization of Our Nation’s Re- 
search) Program to Support University, State and Federal Labora- 
tory Technology Commercialization Initiatives 

The current Federal system for funding research pays too little attention to the 
commercialization of technology, and is still based on the linear model of research 
that assumes that basic research gets easily translated into commercial activity. In 
fact, the process is ripe with barriers, including institutional inertia, coordination 
and communication challenges, and lack of funding for proof of concept research and 
other “valley of death” activities. It is time for Federal policy to explicitly address 
this challenge and allocate more funding to commercialization activities. 

However, in an era of fiscal constraint adequate new funding may be difficult to 
obtain. As a result, one idea would be to establish an automatic set-aside program 
taking a modest percentage of Federal research budgets and allocating them to a 
technology commercialization fund. Currently the SBIR program allocates 2.5 per- 
cent of agency research budgets to small business research projects; the STTR pro- 
gram allocates 0.3 percent to universities or nonprofit research institutions that 
work in partnership with small businesses. 

3b) Thus, Congress should allocate 0.15 percent of agency research budg- 
ets (around 5110 million per year) to fund university. Federal laboratory, 
and state government technology commercialization and innovation ef- 
forts. The 0.15 percent share could either be added on top of the existing 2.8 per- 
cent allocation currently going to SBIR and STTR, or it could be taken from the 
SBIR share. 

This program would be different than the STTR program which funds small busi- 
nesses working with universities. Half the funds would go to universities, and 
Federal laboratories could use the funds to create a variety of different initiatives, 
including mentoring programs for researcher entrepreneurs, student entrepreneur- 
ship clubs and entrepreneurship curriculum, industry outreach programs, seed 
grants for researchers to develop commercialization plans, etc. 
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The other half of funds would go to match state technology-based economic devel- 
opment (TBED) programs. Since the 1980s, when the United States first began to 
face global competitiveness challenges, all states have established TBED programs. 
Republican and Democratic governors and legislators support these programs be- 
cause they recognize that businesses will not always create enough high-produc- 
tivity jobs in their states without government support. State and local governments 
now invest about $1.9 billion per year in TBED activities.®^ This is about 70 percent 
of the amount that the Federal Government spends on its principal innovation pro- 
grams and agencies. 

States and regions engage in a variety of different TBED activities. They spur the 
development of cutting-edge, science-based industries by boosting research funding. 
For example, Oregon^ NanoScience and Microtechnologies Institute serves as a 
forum for R&D synergy among Oregon’s three public research universities, the Pa- 
cific Northwest National Laboratory, the state, and the “Silicon Forest” high tech- 
nology industry cluster. States also try to ensure that research is commercialized 
and good jobs created in both cutting-edge, science-based industries and industries 
engaging in related diversification. For example, the Georgia Advanced Technology 
Development Center at Georgia Tech is a technology incubator that offers services 
including consulting, connections to university researchers and networking with 
other entrepreneurs and service providers. States have also established programs to 
help small and mid-sized firms support collaborative research at universities. For 
example, Maryland’s Industrial Partnerships program provides funding, matched by 
participating companies, for university-based research projects that help companies 
develop new products or solve technical challenges.®® Finally, states have estab- 
lished initiatives to help firms commercialize research into new business opportuni- 
ties. For example, Oklahoma’s non-profit i2E organization helps Oklahoma compa- 
nies with strategic planning assistance, networking opportunities, and access to cap- 
ital. i2E’s Oklahoma Technology Commercialization Center assists researchers, in- 
ventors, entrepreneurs and companies in turning advanced technologies and high- 
tech startups into growing companies.®"*^ But without assistance from the Federal 
Government, states will invest less in TBED activities than is in the national inter- 
est. A formula-based allocation to help fund state TBED efforts would help correct 
this limitation. 

We propose that NIST be responsible for administering this program. Universities 
and Federal labs would submit proposals explaining their proposed activities. States 
would submit proposals to NIST laying out their TBED strategy and explaining how 
NIST support would enable them to do more and better. Qualifying activities would 
include a host of TBED activities, such as technology commercialization centers, in- 
dustry-university research centers, regional cluster development programs, regional 
skills alliances, and entrepreneurial support programs. In addition, where relevant, 
states would need to spell out in detail how they intended to create innovation alli- 
ances among local governments, businesses, educational institutions, and other in- 
stitutions (such as economic development organizations or labor unions) in metro- 
politan areas. States would have to explain how their activities would meet the 
needs of firms following innovation trajectories that currently exist or that can rea- 
sonably be developed within the state. The precise mix of TBED activities would be 
left up to each state because the mix of innovation trajectories and the specific 
needs of firms in each trajectory vary among and within states. However, proposals 
would have to be economically realistic. For example, a state proposal to develop a 
new biotechnology cluster in a metropolitan area that had no existing institutions 
to support such a cluster and no realistic strategy to develop those institutions 
would be unlikely to be funded. Proposals that built appropriately on TBED activi- 
ties in neighboring states or that included plans for interstate collaboration in 
TBED would receive extra points in the review process. To be eligible for NIST 
funding, states would need to provide at least two dollars in actual funding for every 
NIST dollar they receive. 

Rotating panels of TBED experts would review proposals. In most cases these 
would be experts in the field (e.g., consultants, academics, venture capitalists and 
economic development professionals). For states there would be a two-stage proposal 
review process. States would submit initial proposals describing activities and use 
of funds. Based on review from the TEED panel and NIST staff, the program would 
provide feedback to states on how to modify and improve their proposals. States 
would then submit final proposals that would be reviewed and scored by the outside 
panel of experts. Proposals that were judged acceptable would be funded to the ex- 
tent that funds were available, with priority going to those with the highest scores. 
States with proposals judged not fundable would be eligible to receive modest plan- 
ning grants and technical assistance from NIST staff to develop a proposal for the 
subsequent year’s competition.®® 
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4. Expand the R&D Tax Credit 

As ITIF has demonstrated, the U.S. R&D teix credit is no longer generous when 
compared to other nations. It is not enough to make the credit permanent, it also 
needs to be expanded. There are several reforms that are needed. One is to provide 
greater incentives for collaborative R&D. Increasingly, firms are collaborating with 
other firms or institutions in order to lower the cost of research and increase its 
effectiveness by maximizing idea flow and creativity. Indeed, a growing share of re- 
search is now conducted not only on the basis of strategic alliances and partnerships 
but also through ongoing networks of learning and innovation.®® Moreover, partici- 
pation in research consortia has a positive impact on firms’ own R&D expenditures 
and research productivity.®'^ 

Most collaborative research, whether in partnership with a university, national 
laboratory, or industry consortium, is more basic and exploratory than research 
typically conducted by a single company. Moreover, the research results are usually 
shared, often through scientific publications. As a result, firms are less able to cap- 
ture the benefits of collaborative research, leading them to under-invest in such re- 
search relative to societally optimal levels.®® This risk of underinvestment is par- 
ticularly true as the economy has become more competitive, and a reflection of this 
is the fact that for the first time since the data were collected in 1953, the percent- 
age of U.S. academic R&D supported by industry has declined in each of the last 
five years.®® This may stem from the fact that university contracts are often under- 
taken as discretionary activities and are the first to be cut when revenues are 
down.®® 

Other countries, including France, Norway, Spain and the United Kingdom, pro- 
vide firths more generous tax incentives for collaborative R&D. Denmark and Hun- 
gary provide more generous tax deductions for collaborative R&D with public re- 
search institutions.®! Japan’s R&D incentive is almost twice as generous for re- 
search expenditures companies make with universities and other research insti- 
tutes.®® France provides a 60 percent flat tax credit for husiness-funded research 
conducted at national laboratories. 

The U.S. tax code allows firms a basic research credit of 20 percent of expenses 
above a base period amount.®® But the credit is not significantly more generous than 
the regular credit. Moreover, its applicability is limited because rules require that 
such research not have any “specific commercial objective.” At a minimum. Con- 
gress should delete this restrictive language from current law and allow 
any research expenditures at universities to qualify for the basic research 
credit. 

But Congress should go further and provide a more generous incentive for collabo- 
rative research. As part of the Energy Policy Act of 2005, Congress created an en- 
ergy research credit that allowed companies to claim a credit equal to 20 percent 
of the payments to qualified research consortia (consisting of five or more firms, uni- 
versities, and Federal laboratories) for energy research. In 2006, several bills were 
proposed allowing all research consortia, not just energy-related ones, to become eli- 
gible for a 20 percent flat credit.®^ Congress should go further and allow firms 
to take a flat credit of 30 percent for collaborative research conducted at 
universities, Federal laboratories, and research consortia. 

In addition. Congress needs to expand the Alternative Simplified Credit. Cur- 
rently the ASC provides a credit of 14 percent of qualified R&D expenditures in ex- 
cess of 50 percent of base period expenditures. Congress should increase the Al- 
ternative Simplified Credit rate from 14 percent to between 20 and 40 per- 
cent, depending on the level of increase in research investment. Congress 
should also broaden the definition of qualified R&D from beyond that in- 
volved in inventing a new product, to that involved in developing a new 
production process. Under current law only product R&D is eligible for the credit. 
But a key source of U.S. manufacturing renewal will come from more advanced pro- 
duction processes. Allowing companies to take a credit against process R&D invest- 
ments would spur more of this kind of research. Taking these steps would put the 
U.S. R&D tax credit back among the top 5 most generous in the world. 

5. Fund Industry-University-Government Manufacturing Research and De- 

ployment Centers 

The debate over science and technology policy has tended to oscillate between 
those who argue that the Federal Government should fund industry to conduct ge- 
neric pre-competitive R&D and those who maintain that money should be spent on 
curiosity-directed basic research at universities. This is a false dichotomy. There is 
no reason why some share of university basic research cannot be oriented toward 
problems and technical areas that are more likely to have economic or social payoffs 
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to the nation. Science analyst Donald Stokes has described three kinds of research: 
purely basic research (work inspired by the quest for understanding, not by poten- 
tial use), purely applied (work motivated only by potential use), and strategic re- 
search (research that is inspired both by potential use and fundamental under- 
standing).®® Moreover, there is widespread recognition in the research community 
that drawing a bright line between basic and applied research no longer makes 
sense. One way to improve the link between economic goals and scientific research 
is to encourage the formation of industry research alliances that fund collaborative 
research, often at universities. 

While the government supports a few sector-based research programs, they are 
the exception rather than the rule.®® Moreover, existing ones are largely under- 
funded. As a result, Congress should fund a competitive Industry Research 
Alliance Challenge Grant program to match funding from consortia of busi- 
nesses, businesses and universities, or businesses and national labs. This 
program would resemble the current Technology Improvement Program (TIP) oper- 
ated by NIST but would have an even greater focus on broad sectoral consortia and 
would allow large firms as well as small and mid-sized ones to participate. It could 
be housed in either NSF or NIST. 

To be eligible for matching funding, firms would have to: form an industry-led re- 
search consortium of at least five firms, agree to develop a mid-term (three-to-ten 
year) technology roadmap that charts out generic science and technology needs that 
the firms share, and provide at least a dollar-for-dollar match of Federal funds. This 
initiative would increase the share of federally funded university and laboratory re- 
search that is commercially relevant. In so doing it would better adjust the balance 
between curiosity-directed research and research more directly related to societal 
needs. 

6. Establish a National Innovation Foundation 

If Congress wanted to go further, it could establish a National Innovation Founda- 
tion (NIF) — a new, nimble, lean, and collaborative entity devoted to supporting 
firms and other organizations in their innovative activities.®'^ The goal of NIF would 
be straightforward: to help firms in the nonfarm American economy become more 
innovative and competitive. It would achieve this goal by assisting firms with such 
activities as joint industry-university research partnerships, technology transfer 
from laboratories to businesses, technology-based entrepreneurship, industrial mod- 
ernization through adoption of best practice technologies and business practices, and 
incumbent worker training. By making innovation its mission, funding it ade- 
quately, and focusing on the full range of firms’ innovation needs, NIF would be a 
natural next step in advancing the innovation agenda that Congress put in place 
when it passed the America COMPETES Act. A National Innovation Foundation 
would: 

• Catalyze industry-university research partnerships through national sector 
research grants. 

• Expand regional innovation-promotion through state-level grants to fund ac- 
tivities like technology commercialization and entrepreneurial support. 

• Encourage technology adoption by assisting small and mid-sized firms in tak- 
ing on existing processes and organizational forms that they do not currently 
use. 

• Support regional industry clusters with grants for cluster development. 

• Emphasize performance and accountability by measuring and researching in- 
novation, productivity, and the value-added to firms from NIF assistance. 

• Champion innovation to promote innovation policy within the Federal Gov- 
ernment and serve as an expert resource on innovation to other agencies. 

By doing these things, NIF would address quite robustly each of the major flaws 
that weaken current Federal U.S. innovation policy. We recognize that in the cur- 
rent fiscal climate it will be difficult for the Federal Government to launch major 
new investment initiatives, especially since strong political forces on either side of 
the aisle oppose raising taxes or cutting spending. Nevertheless, the compelling 
need to boost innovation and productivity merits a substantial investment in NIF. 
We propose that the Federal Government fund NIF at an initial level of $1 billion 
per year (with around $350 million coming from several programs that would be 
consolidated into NIF), ramping up to $2 billion after several years. At $2 billion, 
NIF’s budget would be approximately one-third the size of NSF’s. In addition, be- 
cause of its strong leveraging requirements from the private sector and state gov- 
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ernments, NIF would indirectly be responsible for ensuring that states and firms 
spend at least one dollar on innovation for every dollar NIF spent. 

7. Federal Institutional Reforms to Spur Innovation 

Innovation policy is not just about tax incentives or funding for government pro- 
grams. It is about a wide array of government actions that can have an impact on 
innovation. But currently, the institutional ability of the Federal Government to 
strategically and comprehensively spur innovation is more limited than it needs to 
be. To remedy that we propose two recommendations: 

7a) Form an Office of Innovation Policy in OMB (i.e., an Office of Informa- 
tion and Regulatory Affairs for Innovation) 

The relative absence of innovation from the agenda of many relevant Federal 
agencies — as well as interagency processes such as the centralized cost-benefit re- 
view performed by the Office of Information and Regulatory Affairs (OIRA) within 
the Office of Management and Budget (OMB) — manifests the confluence of two regu- 
latory challenges: first, the tendency of political actors to focus on short-term goals 
and consequences; and second, political actors’ reluctance to threaten powerful in- 
cumbent actors. Courts, meanwhile, lack sufficient expertise and the ability to con- 
duct the type of forward-looking policy planning that should be a hallmark of inno- 
vation policy. 

7b) To remedy these problems, Congress should ereate a White House Of- 
fiee of Innovation Poliey that would have the speeific mission of being the 
“innovation ehampion” within these processes. OIP would be an entity that 
would be independent of existing Federal agencies and that would have more than 
mere hortatory influence. It would have some authority to push agencies to act in 
a manner that either affirmatively promoted innovation or achieved a particular 
regulatory objective in a manner least damaging to innovation. OIP would operate 
efficiently by drawing upon, and feeding into, existing interagency processes within 
OIRA and other relevant White House offices (e.g., the Office of Science and Tech- 
nology Policy). It is important to note that OIP would not be designed to thwart 
Federal regulation; as a matter of fact, in some cases, the existence of OIP might 
lead to increased Federal regulation (e.g., more Environmental Protection Agency 
regulations might pass muster under cost-benefit analysis if innovation-related ef- 
fects were calculated). 

Some might question the significance of this proposal. Isn’t creating an OIP a fair- 
ly small change to the system? Certainly adding OIP to the existing mix is a smaller 
change than jettisoning the existing substantive agencies in favor of a new agency 
with authority to regulate, and promote, innovation across all government agencies. 
But implementing this proposal will significantly change the regulatory environ- 
ment. First, an entity focused on innovation would add an important new voice to 
the regulatory conversation. There would now be an entity speaking clearly and 
forthrightly on the centrality of innovation. Second, and more important, OIP would 
not merely have a voice: it would be able to remand agency actions that harm inno- 
vation. It would also have as part of its mission proposing regulation that benefits 
innovation. This is no small matter. Indeed, it would change the regulatory playing 
field overnight. 

To those who might oppose an OIP on the grounds that making predictions about 
the future is very difficult and that experts are often wrong when they make such 
predictions, our response is straightforward: Agencies are already making pre- 
dictions about the future (whether consciously or not) when they make laws that 
affect innovation. They are simply doing so in a manner that is unsystematic, hap- 
hazard, and subject to undue influence by well-funded incumbents. We can do bet- 
ter. 

Conclusion 

For over half a century, the United States led the world in innovation on a per- 
GDP and per-capita basis. This leadership role not only enabled America to be the 
leading military power, it enabled us to be the leading economic power, with the 
resultant economic and social benefits that came with that. But now more than 
ever, the American standard of living depends on innovation: To be sure, companies 
are the engines of innovation and the United States has an outstanding market en- 
vironment to fuel those engines. Yet firms and markets do not operate in a vacuum. 
By themselves they do not produce the level of innovation and productivity that a 
perfectly functioning market would. Even indirect public support of innovation in 
the form of basic research funding, R&D tax credits, and a strong patenting system. 
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important as they are, are not enough to remedy the market failures from which 
the American innovation process suffers. 

At a time when America’s historic lead in innovation has evaporated and its rel- 
ative innovation competitiveness continues to shrink, when more and more high-pro- 
ductivity industries are in play globally, and when other nations are using explicit 
public policies to foster innovation, the United States cannot afford to remain com- 
placent. Relying solely on firms acting on their own will increasingly cause the 
United States to lose out in the global competition for high-value added technology 
and knowledge-intensive production. Congress has an opportunity to take steps now 
to stop and reverse this slide, but only if it adopts the kinds of policies and makes 
the kinds of investments needed to help firms in the — United States do a better job 
of driving innovation here at home. 
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Chairman Wu. Thank you very much, Dr. Atkinson. 

Dr. Breznitz, please proceed. 

STATEMENT OF DR. DAN BREZNITZ, ASSOCIATE PROFESSOR, 

THE SAM NUNN SCHOOL OF INTERNATIONAL AFFAIRS, 

GEORGIA INSTITUTE OF TECHNOLOGY 

Dr. Breznitz. Mr. Chairman and Members of the Committee, 
thank you for the opportunity to take part in this hearing. In this 
testimony, I hope to do three things: clarify some baseline points 
with regards to innovation policy, give an example of successful for- 
eign innovation policy, its negative and positive consequences, con- 
clude by sketching the need for the United States to concentrate 
on all three roles government can play in stimulating more innova- 
tion, and urge for new Federal-state partnerships. 

There are some baseline points to be made when discussing inno- 
vation policy. Stimulating and promoting innovation is a critical 
role of government and is a very different strategic exercise from 
promoting specific industries, sectors, or even skills. Good innova- 
tion policies need to allow experimentation and change. In order to 
promote innovation, there is a need to balance with different inter- 
ests of the public represented by the elected government and the 
private actors who are going to be the major agents of innovation 
in our country. 

Two key strategic constraints: When you talk about innovation- 
based growth, it calls for a different logic of policies. You have un- 
defined markets and undefined products. You basically aim to come 
up with new technologies and new products which you don’t know 
what they are. It is a very different exercise when trying to re- 
structure the car industry where we know what cars are, we know 
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what the troubles are, we know what the markets are, and we have 
a pretty good idea of how to make better cars and what skills we 
need. When we think about the ideal kind of innovation policy, we 
aim to equip the economy with agents of change that are stimu- 
lated for action in ways we cannot yet foresee. 

Second, production is now globally fragmented. Activities, not 
whole industries, are clustered in specific nations and we have to 
take that into account if we want to understand how our innova- 
tion activities are going to impact job growth in this country. Gov- 
ernment needs to make innovation less risky and more rewarding 
for entrepreneurs in order to maximize innovating activities. It also 
needs to ensure positive global-local interconnection in order to 
maximize our national spillovers. The ways in which different 
countries have successfully done this have led to very diverse na- 
tional industries with different outcomes in terms of economic dis- 
tribution as well as the current and future challenges each of those 
models have. 

To optimize the impact of a public funding of innovation, govern- 
ments need to meet three challenges: trust — the need to establish 
trust between government and those private actors and we need 
the private actors themselves; coordination — the need to coordinate 
R&D across different institutional actors; and motivation — the need 
to motivate private actors to innovate in a way that contributes to 
the domestic economy, which is the main reason for public funding 
in the first place. 

Broadly speaking, there are three roles by which government 
successfully supports this: public finance of private innovation 
where, if a government supplies capital to private agents who use 
it to engage in R&D, public production of innovation and a 
facilitator role. Here the main emphasis is on the government role 
in anchoring professional interinstitutional networks and more 
generally on the government’s role in fostering relations with and 
between private actors. The importance of these facilitating policies 
cannot be overemphasized as government-sponsored networks have 
been shown to be one of the most important factors for creation of 
a favorable environment for radical innovation, and Dr. Atkinson 
just mentioned the semiconductor industry. 

Let me give you the example of Israel. Facing crisis starting in 
1968 with 886 R&D workers with academic education in the whole 
industrial sector, probably less than what we have in this building 
right now, the government opted to focus on what they called 
science-based industry and concentrated on financial and facilitator 
roles, implementing horizontal R&D policy, meaning trying to spon- 
sor R&D activities to novel products in all industries, all sectors, 
and emphasizing the conduction of the local and the global, espe- 
cially with the United States, the BIRD [Binational Industrial Re- 
search and Development] Foundation, which is cosponsored by the 
U.S. government and the Israeli government, and anchoring co- 
operation around innovation. Outcomes have been the great suc- 
cess of Israel as the supplier of new technologies and products, the 
largest number of high-tech companies after the United States — 
more than the EU in total — and the challenges, however, with in- 
dustry migrates to the United States, exactly the opposite of what 
we think about in globalization, building of sustainable success and 



57 


major economic inequality, mainly because you have a high-tech 
sector but you have measurable positive spillover to the rest of the 
economy. 

To conclude, innovation policy can significantly enhance economic 
growth and national competitiveness. Innovation policies are con- 
tract specific and need to evolve in tandem with industry. To be suc- 
cessful at implementing innovation policies, government needs to 
be able to engage in all three roles: financier, producer and 
facilitator. In the U.S., much attention has been given to the fin- 
ancier role. I argue that much more attention needs to be given to 
the facilitator role, and in order to be successful in this, we have 
to devise new, and build upon old. Federal-state partnerships as 
well as public-private partnerships. I think it is time that we apply 
innovation to our own innovation policies. 

Thank you for the hearing. 

[The prepared statement of Dr. Breznitz follows:] 

Prepared Statement of Dan Breznitz 

Chairman Wu, Ranking Member Smith, and members of the Subcommittee, thank 
you for the opportunity to take part in this hearing. I was invited here to talk about 
innovation for economic growth, and what we can learn from the extensive efforts 
of other nations to excel in this domain so we can secure the long-term economic 
welfare of the American people. 

There are some baseline points to be made when discussing innovation policy: 

1. Spurring and promoting innovation is a critical role of government, and is 
a very different strategic exercise from promoting specific industries, sectors, 
or even skills. 

2. Good innovation policy needs to allow experimentation and change as it, and 
the industries it helps to develop, evolve. 

3. In order to promote innovation there is a need to balance the different inter- 
ests of the public, represented by the elected government, and private compa- 
nies and individuals that will be the major agents of innovation in our coun- 
try. 

Current U.S. policy debates have been clouded by significant misunderstandings 
in relation to these principles. A careful analysis of other nations’ efforts to use the 
tremendous forces of competition and entrepreneurship to spur innovation, can help 
us sort out these misunderstandings and improve our innovation policies. 

In this testimony I will: 

1. Lay out the challenges associated with government efforts to enable innova- 
tion. 

2. Describe three roles a government can take on to support rapid innovation- 
based growth and illustrate how some other countries have implemented 
policies to fill these roles. 

3. Discuss the lessons the U.S. might take from international experiences in in- 
novation policy. 

Innovation, growth and the U.S. 

Innovation has been a tremendous force for good. Innovations in industry, health, 
and agriculture have advanced the quality of life of the American people to such 
a degree that today the average American child has a much better, more com- 
fortable, luxurious, and healthy life than the Emperor of China had in the beginning 
of the 20th century. Thanks to innovation, the world no longer faces imminent hun- 
ger, diseases that were once both common and fatal are vanquished, and the sum 
set of appliances in an average American home gives its owner the ability to do 
things that were impossible with a regiment of workers and scholars just a few gen- 
erations ago. We might forget, but what we now consider as low-tech traditional in- 
dustries, were, only a few decades ago, the cutting edge of high-technology. Indeed, 
in the 1967 movie. The Graduate, Mr. McGuire famously said to Benjamin one word 
that embodied the future of industrial innovation: “Plastics.” For this country to 
stay a world leader, our children will need to be able to react in the same bemused 
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way we do to the idea of plastics as the future, when someone in circa 2050 would 
say: “Nano-technology.” 

The U.S. has grown to prominence as the place where people with vision and 
drive can become educated, generate novel ideas, and secure specialized financing 
to transform their ideas into superior products and services. Furthermore, it was in 
the U.S. where one could pursue that course without its being squashed in infancy 
by stronger corporations, the legal system, or the growing costs of doing business 
and staying independently employed. With each new innovation-based revolution — 
agriculture, steel, electricity, internal combustion engine, aviation, space, informa- 
tion technology, and biotechnology — the U.S. has led the world, becoming richer and 
stronger as a result. This has been true not only with regard to novel technologies 
brought to the market for the first time, but with regard to new ideas all along the 
production chain. To accomplish this, the United States has developed the world’s 
best centers of higher education and research and the world’s most efficient system 
for transforming ideas into marketable realities. Today, however, in each and every 
part of this system we face increased international competition. 

Choices matter 

Contrary to commonly held belief, the current processes of intensified 
globalization give countries a larger number of rapid-innovation-based economic 
growth alternatives than they had in the past. A general truism today is that both 
the onslaught of international economic forces and the fragmentation of production 
limit the power of governments to set unique courses of successful economic growth. 
And yet, these same conditions have given countries more choices of action than 
ever before, for the increasing complexity and openness of the world allow nations 
that wish to engage with the international economic system a far larger number of 
entry points than in any other period. This does not mean that stimulating develop- 
ment has become an easier task for government, nor that success, if it is achieved, 
is without cost. 

Rapid-Innovation-Based growth — the misunderstood strategic policy implication 

The case of rapid-innovation-based growth presents a variety of problems for 
those who try to understand the role of government. Since the main aim is to bring 
to fruition novel ideas — ideas that cannot be known in advance — for products and 
services that are as yet unimagined, we cannot develop policies assuming that we 
know the markets, the products, the industries, the specific skills needed, or how 
they will be combined (Breznitz 2007b). This is not the case of developing or restruc- 
turing an existing industry, such as the car industry, where the products are well 
understood, and where we have a clear idea of how to make them, and a pretty good 
guess about the capabilities we would need to make better vehicles. 

In the case of innovation, the aim of the government is to spur agents, some of 
whom are currently unknown or do not yet exist, to come up with novel ideas and 
transform them into products and services, which, as of now, cannot be defined. Ac- 
cordingly, in its idealized form innovation policy aims to equip the economy with 
agents of change that are stimulated for actions in ways we cannot foresee. Further- 
more, with globalization — that is, the growing fragmentation of production where 
products are produced in discreet stages across many locales — we at best have only 
a limited ability to predict the exact division of labor between the local agents and 
the international economy that would allow for the making and sale of these prod- 
ucts and services for maximum profits. Hence, we need to develop agents (both indi- 
viduals and organizations) that have the capacity to understand science and tech- 
nology as well as the market, and the capability to generate novel ideas. In addition, 
we need to ensure that they work within a system that enables them, as smoothly 
as possible, to transform these ideas into products and services to be sold worldwide. 

What we do know, however, is that the inherent characteristics of industrial re- 
search and development (R&D) would lead, under free competitive market condi- 
tions, to under-investment in innovation from a social optimum point of view (Arrow 
1962; Nelson 1959). For this reason almost every nation on earth now engages in 
public funding of innovation in an attempt to lower the risk and stimulate more ac- 
tivity. Similarly, many nations now try to increase the rewards for innovation in the 
hope of making them more attractive. This is part of the logic behind systems, such 
as the patent system, that grant monopoly rights to inventors who come up with 
ideas that are deemed original. Consequently, in our era of globalization govern- 
ments now need to actively engage in two critical domains: i) solutions to the indus- 
trial R&D market failure; ii) local-global relationships. My research has found that 
different countries successfully solve these issues in very different ways, leading to 
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significantly varied outcomes both in the scope of activities and in the distribution 
of the economic fruits of success within their societies. 

None of these issues are considered to be outside the mainstream of policy and 
theory. Most scholars and policy makers would fully agree that there is a need for 
public funding of industrial R&D. However, the common policy prescription urges 
government to go no further than minimal ‘market-enhancing’ intervention. It is 
here where the most common misunderstandings about innovation policy occur. 

Three Challenges 

Once governments commit to funding of industrial R&D, a host of issues that are 
not fully acknowledged in policy debates and theory comes into play. Specifically, 
nations that subsidize industrial R&D face three overlapping challenges (Breznitz 
and Zehavi 2010): 

1. Trust: the need to establish trust both between public and private actors and 
among private actors. 

2. Coordination: the need to coordinate R&D across institutional actors. Both 
the trust and coordination challenges are closely associated with the over- 
arching goal of establishing cooperation among private and quasi-private ac- 
tors. 

3. Motivation: the need to motivate private actors to innovate in ways that con- 
tribute to the domestic economy — the prima facie reason for public funding 
in the first place. 

Trust: The importance of trust for industrial R&D is manifested in two different 
types of relationships: trust between the government and private actors and trust 
among the private actors themselves. The ‘trust’ deficit with regard to ‘government- 
private’ relations is associated with the problem of information asymmetries. One 
of the government’s main objectives in financing R&D is the creation of new indus- 
tries and the introduction of new activities into the local economy. As a consequence, 
by definition, markets are either underdeveloped or not yet in existence. Under 
these circumstances, the government cannot rely on market signals to ensure that: 
a) its investments are used properly; and b) that its policies lead to the stated goal 
of creating new industries and capabilities within the national economy. Because 
governments cannot fully rely on the market for information, adherence to a pure 
financier/provider division might create significant information asymmetry problems 
between the government and private firms. Even in the private market it is as- 
sumed that these problems can never be optimally resolved, and hence, that financ- 
ing of new R&D-based companies is, supposedly, best handled by specialized fin- 
anciers, such as venture capitalists, who use a variety of instruments to negate, but 
can never fully eliminate, these information asymmetries. 

Second, as we have learned from the multidisciplinary study of innovation in the 
last few decades, innovation is a collective endeavor that necessitates close coopera- 
tion among agents if it is to flourish and result in long-term economic growth 
(Antonelli 2000; Carlsson et al. 2002; Edquist 1997; Hagedoorn 2002; Kenney 2000; 
Lester and Piore 2004; Lundvall 1992; Nelson 1993; Powell et al. 1996). Therefore, 
for public investments in private R&D to deliver sustained economic growth there 
is a need to accommodate close cooperation among firms. However, against the back- 
drop of fully competitive free markets it is to be expected that inter-firm collabora- 
tions would be laced with suspicion and distrust. Balancing cooperation and com- 
petition is no simple matter even when firms possess complementary knowledge and 
capabilities. Moreover, even in situations in which private firms do choose to cooper- 
ate, insufficient trust is likely to push partners to restrict the scope of cooperation 
(Li, Eden et al. 2008). Government-facilitated cooperation has, over time, success- 
fully engendered trust among cooperating private actors. Closely related to this 
problem, countries that rely solely on public funding to stimulate R&D growth 
might well discover, to their dismay, that firms are underutilizing public funding 
because of capacity problems in the private sector (Sustman and Teubal 1995). This 
problem is compounded by inter-firm competition that engenders distrust and dis- 
courages professional cooperation across firms. This is a major problem because 
R&D is a collaborative venture in which the interplay of different skills and ideas 
allows professionals to achieve together what would have been well nigh impossible 
on their own. Isolated professionals might well fail to make substantial break- 
throughs, where the same professionals working in cooperation would have had a 
far better chance. 

Coordination: Meaningful and sustained interaction among diverse actors that are 
separated organizationally, geographically, or both, is not a given regardless of con- 
cerns regarding trust. The system of innovation literature shows that private firms 
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that engage in R&D activities cannot operate in an optimal manner without the 
support of an array of other institutions (Carlsson et al. 2002; Edquist 1997; 
Lundvall 1992; Nelson 1993). The development of a high technology industry does 
not happen in an institutional vacuum. Many locales must undergo a fair amount 
of industrial restructuring before the conditions are right for high technology 
growth. For example, dynamic R&D-led industries lead to the need to have ever 
greater flexibility in the labor force. This flexibility must be achieved while pre- 
venting severe political backlash against innovation when it leads to deep crises in 
specific locales. Such a feat, however, can be accomplished only with close coordina- 
tion between private market actors and public actors that work together to legiti- 
mize and facilitate flexibility-enhancing restructuring (McDermott 2007; Ornston 
and Rehn 2006; Traxler and Unger 1994). 

Domestically-oriented Motivation: Governments would like private actors not only 
to be motivated to innovate, but to do so in ways that would benefit the local econ- 
omy. Yet there is little assurance that this would be the case because private actors’ 
prime need and interest is to maximize their personal utility regardless of effect on 
other domestic firms or the geographical locale in which their value-added activities 
take place. These different goals create two distinct conflicts of interests between 
the government, on the one hand, and private companies, on the other. 

First, one of the main justifications for public support of industrial R&D is the 
expectation that private R&D would generate positive spillovers for the rest of the 
economy. The government therefore aims to maximize local spillovers from its in- 
dustrial R&D investment. However, in their search for profits, companies prefer to 
maximize the appropriability of their R&D outcomes. Private firms do their best to 
create the most competitive R&D possible — certainly a public interest — but would 
also do their utmost to fully appropriate its benefits and limit the spillover effects — 
something that governments would like to prevent. 

Second, governments prefer that individuals and firms contribute first and fore- 
most locally. But what could motivate private domestic actors to stay, or for that 
matter, return, home? While the government hopes to keep as much high value- 
added business at home, commercial firms would relocate abroad if they deem such 
a move advantageous. The traditional economic viewpoint is that, even if commer- 
cial firms indeed choose to pick up and leave, it is all for the best because the re- 
allocation of resources would be more efficient and benefit domestic consumers 
(Krugman and Obstfeld 1991). Nonetheless, the rationale for public investment in 
R&D is specifically to create positive spillover at home, and this will not occur if 
both the R&D and the diffusion of its results are conducted abroad as it is more 
and more the case in our globalizing world (Gomory and Baumol 2000). 

The three related problems of trust, coordination and motivation are by no means 
unique to innovation. In the R&D field, however, these concerns are accentuated for 
at least three reasons. First, distrust — especially among private actors — is likely to 
be prevalent because of the nature of the product and also that of the firms in- 
volved. Where innovation is at the epicenter, then a firm’s advantage is to be found 
primarily in its ability to create new know-how. Transfer of information and tech- 
nology to other firms, and with it a firm’s competitive advantage, is relatively easy 
(Lundvall 1999). Hence, firms have a strong incentive to limit the lines of commu- 
nication with other firms so as not to suffer from unwelcome knowledge transfer. 
As a result, establishing trust between private firms is a challenging venture. Sec- 
ond, the R&D field is relatively internationalized compared to most other production 
domains. This means that coordination is likely to involve not only domestic but also 
international actors. Obviously, this implies an additional challenge for coordina- 
tion. Finally, in R&D-intensive high-technology sectors, such as information- or bio- 
technology, both firms and professionals are comparatively far more footloose than 
in traditional industries or services (e.g., steel manufacture or healthcare). There- 
fore, the question of how to motivate private actors to contribute locally is more per- 
tinent than in most other fields. 

Three Government Roles, Many Games: What do other countries do? 

There are three broad roles by which governments, using very different modes 
which are tailored to their specific conditions, support rapid-innovation-based 
growth: 

i) public-financing of private-innovation, where the government supplies cap- 
ital to private agents who use it to engage in R&D and innovation; 

ii) public production of innovation, where public production is commonly un- 
derstood to imply industrial R&D conducted in government research insti- 
tutes, universities, and non-profit research institutes such as hospitals; 
and. 
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iii) the government acting as a facilitator, where the main emphasis here is on 
the government role in anchoring professional, inter-institutional networks, 
and more generally, on the government’s role in fostering relations with — 
and among — private actors. 

The importance of the third role, facilitating policies, cannot be over-emphasized, 
as government-sponsored networks have been shown to be one of the most impor- 
tant factors for the creation of a favorable environment for radical innovation 
(Godoe 2000; Kushida 2008; Kushida and Zysman 2008; O’Riain 2004). Actor inter- 
action within these networks helps shape a common vision of the future, and R&D 
efforts, which are then channeled towards realizing this vision (Lester and Piore 
2004). Indeed, some argue that DARPA’s excellence in conducting this role in the 
American context is the base for its greatest successes (Fuchs, forthcoming). 

Since public financing of private innovation activities is the best known and most 
discussed role of the three, let me briefly describe some international examples of 
successful usage of the two others. Taiwan has received much attention for its ex- 
tremely successful application of the public production strategy. The government 
had mitigated the market failure and information asymmetries problems by under- 
taking the core R&D itself. This created a unique division of labor between govern- 
ment and industry in the case of the IT industry. The specificity of this division of 
labor stems from the state’s high level of participation in the development of the 
technological capabilities of the industry. In this division of labor, public research 
institutions do most of the R&D up to the level of a working prototype, and then 
disseminate the results to industry, which concentrates on final development and 
integrated design. It is this division of labor that is considered responsible for Tai- 
wan’s leading role in the global information technology industry, most famously in 
semiconductors. This strategy also allowed Taiwan to create a large number of 
jobs — not just jobs for the very high-skilled and educated, but jobs at many levels, 
thereby spreading the fruits of its innovation success more widely across the society 
(Amsden and Chu 2003; Berger and Lester 2005; Breznitz 2007b; Fuller et al. 2003; 
Hong 1997; Mathews and Cho 2000; Meany 1994; Park 2000). 

This public production-anchored model also addresses the capacity problem. The 
government concentrates scarce capacities, and by so doing, overcomes the private 
non-cooperation obstacle. Arundel and Geuna contend that in Europe public re- 
search is an especially important resource for firms that lack the financial re- 
sources, or capabilities, to obtain knowledge abroad (Arundel and Geuna 2004). 
Therefore, a case can be made for more direct public intervention in R&D. However, 
for such interventions to work the incentives for public R&D production should be 
carefully aligned with the growth and creation of a local privately-owned industry 
and the government should set a premium on bureaucratic flexibility in its research 
institutions. Otherwise, the negative outcomes will outweigh the positive ones. 

Israel is an example of a highly successful use of the facilitator strategy. A meas- 
ure of the success of its innovation policies is the fact that in 1968, when the first 
government committee on R&D policy was convened, there were only 886 academy- 
trained R&D workers in the entire industrial sector. Within three decades of imple- 
menting its new innovation policies, Israel boasted the highest number of high-tech 
companies listed on NASDAQ after the United States. As part of these efforts, as 
early as 1975, the Israeli Office of the Chief Scientist of the Ministry of Trade, In- 
dustry and Employment (OCS), Israel’s main industrial innovation agency, launched 
a joint program with the American Government that matched local companies with 
American multinational corporations (MNCs). This program, known as the Bi-na- 
tional Industrial R&D foundation (BIRD), concentrated on fostering and financing 
cooperation between Israeli and U.S. companies (BIRD 2000; Breznitz 2007a; Teubal 
1997; Trajtenberg 2001; Yahalomi 1991). Its mode of operation has been to fund 
projects co-designed by American and Israeli companies, in which the R&D was 
done in Israel, and the marketing and product definition handled in the U.S. As a 
consequence, the Israeli government stimulated international cooperation that en- 
sured R&D would commence in Israel, and mitigated the information as 3 unmetries 
between itself and the private firms it sponsored by receiving high-quality “external” 
evaluation from world-leading American MNCs. In 1992 Israel went further in its 
network facilitating policies with the MAGNET program. MAGNET, which stands 
for Generic Non-Competitive R&D, addresses two problems related to the develop- 
ment and maintenance of the long-term innovative advantage of companies. The 
first problem is a large number of companies in the same technological space, all 
of them too small to compete on the basis of, or to advance, cutting-edge 
infrastructural research activities that are crucial to their survival. The second 
problem is the underutilization of academic research. MAGNET solves some of these 
issues by creating a consortium to develop generic technologies. MAGNET consor- 
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tiums are created for a period of up to three years. All IP outputs are shared among 
the consortium members, at least one of which must be a university. The consortium 
members also must agree to license this IP to local companies at a cost that does 
not reflect monopoly status. MAGNET has been critical in allowing Israeli firms to 
tap into otherwise inaccessible knowledge domains, and to develop new technologies 
and products for markets and niches whose needs they did not understand, using 
technologies they could not afford to develop alone. However, while Israel’s sole 
focus on novel-product R&D and intimate ties with the American industry led it to 
great success, the economic gains of this success have been very narrowly distrib- 
uted, and the success of the high-tech industry has resulted in only negligible 
spillovers to the rest of the business sector (Breznitz 2007a; Breznitz 2007b; 
Trajtenberg 2001). 

Finland is a classic example for the government role as a facilitator using a very 
different strategy. In Finland, after the fall of the USSR, national employer and 
labor associations created long ago for collective bargaining and resolution of labor- 
capital conflicts were infused with a new mission as they morphed into institutions 
to regulate the transition from a traditional to a high-technology “new” economy 
(Ornston 2006; Ornston and Rehn 2006). Consensus among the old actors created 
a platform on which new dense inter-firm networks were built. A panoply of govern- 
ment actions established new public commissions, and agencies pushed the old part- 
ners towards agreement on new objectives for the economy and new channels for 
public expenditure, for example, the Science and Technology Policy Council, which 
subsequently gave rise to Tekes. These broad agreements legitimized the deep struc- 
tural transformations involved and formed the bedrock of multi-polar networks on 
the local level. In the most successful cases of development of new technology indus- 
tries in Finland, for example in the city of Tampere, new networks were constructed 
by combinations of previously-developed skilled labor, university strengths, indus- 
trial commitment, and municipal leadership. However, Finland’s inability to create 
new companies and its growing reliance on one — Nokia — is apparent even in the 
case of Tempere, where Nokia is by far the biggest employer (Juba and Sotarauta 
2002 ). 

Back to the home court — Lessons Learned 

Successful innovation policies throughout the world have taught us a few valuable 
lessons: 

i) innovation policy can significantly enhance economic growth and national 
competitiveness; 

ii) innovation policy are context-specific and need to evolve in tandem with 
private industry; 

iii) there are many different modes of devising and implementing innovation 
polices, each of which leads to different social and economic outcomes; 

iv) to be successful in innovation policy implementation governments need to 
be able to engage in all three roles: financer, producer, and facilitator. 

While far from ensuring success, these points lead to a few principles, which if 
applied, can increase the chances of success and induce a better policy learning 
curve. First, the Federal Government should sustain and enhance its important role 
as financier. While that by itself will not yield a qualitative change, it is necessary 
as the minimal first step. Second, the government needs to carefully evaluate its 
R&D production activities to decide which serve useful purposes and which should 
be restructured or cancelled, and to determine in which domains timely, and per- 
haps finite (that is limited in time-scope), public production could stimulate large- 
scale undertaking by private actors, which should always be the ultimate goal of in- 
novation policy. Thirdly, and perhaps most importantly, the Federal Government 
needs to think more constructively and comprehensively on the role that the govern- 
ment can play as a facilitator of innovation activities. Here scope for experimen- 
tation is needed, and while the ARPA/DARPA model has worked in the past it is 
far from being the only approach that should be pursued. 

It is critical to note that in order to conduct the three roles, specifically the facili- 
tating role, a nation must have deep knowledge of the technological domains, as well 
as a nuanced understanding of the current, and always changing, needs of private 
actors. This includes knowing and having access to individuals (such as leading re- 
searchers in specific labs) as well as organizations, and understanding business dy- 
namics in multiple sectors. 

In the case of a the U.S., a hig Federal democracy aiming to stimulate growth 
throughout its economy in all locales, a dual approach, local and Federal, might be 
the key to success. Creating new Federal-state partnerships could also have the ben- 
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efit of stimulating states to compete in the development of different, experimental, 
and creative policies. 

From many levels of analysis, American states, in terms of size, economic history 
and capacity, and unique contextual situation, are similar to many of the European 
and Asian countries that are widely viewed as the paragons of successful innovation 
policy experimentation and implementation. Many of these policies necessitate close 
collaboration among actors within a particular spatial unit, and hence, lend them- 
selves much more easily to state rather than Federal engagement. Furthermore, 
since many successful innovation policies need to be tailored to specific conditions, 
both the intimate knowledge essential for the development, and the capacities crit- 
ical for their implementation, exist on the local and not Federal level. 

One way, certainly not the only one, of tapping this potential, creating a dynamic 
of innovative thinking among policymakers, and devising a working public-private 
partnership, is to allow for Federal funding to be allocated on competitive basis for 
states and local governments that develop unique and comprehensive ten to fifteen- 
year programs that take into account local needs and capabilities as well as the na- 
tional innovation agenda. Winning proposals should get substantial Federal funding 
(50-60%), and should be evaluated around the seventh year of the program, by 
which time the first signs of change should be evident. If successful, these programs 
should be funded for another finite period of time. In addition the Federal agency 
responsible for these programs should arrange workshops that allow collaboration 
and learning among participating states, as well as replication of the more success- 
ful models across the country. 

We need to recruit the tremendous forces of competition and ingenuity to help us 
seriously apply innovation to our innovation policies. We must think outside of con- 
ventional constraints as we seek to develop policies to enhance the innovativeness 
of the American business sector and secure our future economic growth. 

Biography for Dan Breznitz 

Professor Dan (Danny) Breznitz (Georgia Institute of Technology, Sam Nunn 
School of International Affairs & The School of Public Policy, Ph.D. MIT) has exten- 
sive experience in conducting comparative in-depth research of Rapid-Innovation- 
Based Industries and their globalization. Dr. Breznitz’s first book. Innovation and 
the State: Political Choice and Strategies for Growth in Israel, Taiwan, and Ireland 
(Yale University Press), won the 2008 Don K. Price for best book on Science and 
Technology given by APSA and was a finalist for the 2007 best book of the year 
award in political science by Fore Word Magazine. His second book (co-authored 
with Michael Murphree) The Run of the Red Queen: Government, Innovation, 
Globalization, and Economic Growth in China is forthcoming with Yale University 
Press in 2010. In addition, his work was published in various journals, as well as 
chapters in edited volumes. Breznitz is one of five young North American scholars 
to be selected as a 2008 Industry Study Fellow of the Sloan Foundation. Breznitz 
has also been an advisor for local and national governments on Science Technology 
and Innovation Policies in the U.S., Asia, and Europe. 

During 2006 Breznitz was a visiting scholar at Stanford University’s Project on 
Regions of Innovation and Entrepreneurship, and during 2007 he was a Visiting 
Fellow at the Bruegel Institute for International Economics, Brussels. His work is 
sponsored by the Sloan Foundation, the Kauffman Foundation, and the Samuel 
Neaman Institute for Advance Studies, the Bi-National Science Foundation (U.S. 
Israel), the NSF, Georgia Research Alliance, and the Enterprise Innovation Insti- 
tute. In addition, Breznitz is the co-director with John Zysman of UC Berkeley of 
a collaborative study titled “Can Wealthy Nations Stay Rich in a Rapidly Changing 
Global Economy?” A former founder and CEO of a small software company, Breznitz 
is also a research affiliate of MIT’s Industrial Performance Center. In addition he 
is a senior researcher of the Science, Technology, and Innovation Policy Program 
(STIP) and the Academic Director of the Initiative for Sustainable High Tech Clus- 
ter at The Enterprise Innovation Institute (EI2), and the director of the 
Globalization, Innovation, and Development program at the Center for International 
Strategy, Technology and Policy (CISTP) in the Sam Nunn School of the Georgia 
Institute of Technology. 

Chairman Wu. Thank you very much, Dr. Breznitz. 

Mr. Holland, please proceed. 
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STATEMENT OF MR. PAUL HOLLAND, GENERAL PARTNER, 
FOUNDATION CAPITAL 

Mr. Holland. Chairman Wu, Ranking Member Smith and Mem- 
bers of the Committee, my name is Paul Holland. I am a general 
partner at Foundation Capital, a venture firm in Menlo Park, Cali- 
fornia, commonly known as the Silicon Valley. We invest in early- 
stage companies driving innovation in software, clean tech, the 
Internet, telecommunications and semiconductors. Since our first 
fund in 1995, we have invested $1.5 billion in well over 100 innova- 
tive startups. 

In addition to my responsibilities as a venture investor, I am also 
a member of the National Venture Capital Association located here 
in Arlington. The NVCA represents more than 400 venture capital 
firms and more than 90 percent of the venture industry in the 
United States by dollar volume. 

So let us talk a little bit about innovation. Historically, our gov- 
ernment has helped pave the path with policies that encourage in- 
novation at many levels, yet the environment has changed signifi- 
cantly in the last decade and the United States is no longer guar- 
anteed a monopoly on entrepreneurship and innovation. 

So I will spend a moment talking about how venture capital 
works, and I think most of you are probably familiar with this. We 
take in large pools of capital from endowment funds, universities, 
foundations, charitable organizations, employee pensions and so 
forth, and we take our own capital, combine that, and we invest it 
in hundreds and hundreds of innovative companies over the course 
of any given year. We do not employ leverage or issue debt as part 
of our investments, so we are not like a hedge fund or other forms 
of private equity you might have heard of We also generally take 
a seat on the company’s board and we work for five to ten years, 
often reinvesting several times in that company over the course of 
that time period until we achieve an exit, either an IPO or a merg- 
ers and acquisition exit. 

The venture class has been recognized for building a significant 
number of high-tech industries including biotechnology, semi- 
conductors, online retailing and software. Within the last several 
years, we have invested billions of dollars in clean technology in- 
cluding smart grid, renewable power, power management, recy- 
cling, water purification and conservation. In fact, I coordinate the 
clean tech practice at my firm. Foundation Capital, and I had the 
honor of giving a nationally televised speech last year with Presi- 
dent Obama on clean tech investing, and it was truly a highlight. 

My partners and I are extremely proud of the work we do each 
day and we are working very hard to create a positive future for 
this country. So what are the results of all this hard work on be- 
half of venture capitalists and entrepreneurs? Since 1970, compa- 
nies that were started with venture capital have accounted for 
$12.1 million jobs, or 11 percent of private sector employment, and 
also $3 trillion in revenue by 2008. Such companies include historic 
innovators such as Genentech, Intel, Federal Express, Microsoft, 
Google, Amgen and Apple. These companies have brought to mar- 
ket thousands of innovations that have improved, and in the case 
of life sciences, actually saved millions of lives. 
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So I often get asked why is so much of this happening in the Sil- 
icon Valley, and many of you are regular visitors to our region. 
Forty percent of venture capital in this country is deployed between 
the cities of San Francisco and San Jose. There are a number of 
reasons for that, too long to get into in the time that we have 
today. We have two outstanding universities there in Stanford and 
U.C. Berkeley. We leverage those as much as we can. But I think 
maybe the biggest factor is that we have a very strong risk-taking 
culture and our society supports it in all the different dimensions 
including Federal, state and local government. But it is not just 
Silicon Valley where this is occurring. It is in Boston with MIT, it 
is in Philadelphia with Penn, Pittsburgh with CMU, Atlanta with 
Georgia Tech, Duke and University of North Carolina, the research 
triangle. This is happening across the country and it has been a 
very, very successful model, particularly over the last 40 years or 
so. 

So that is a look at what is happening on the regional level in 
our world. Let us take a look at the national level, and the big 
issue there is competition. Competition is looking internationally 
like we have never seen before. At the same time we are seeing all 
sorts of benefits of globalization, and we are big fans of it, we want 
to see, you know, open standards and open trade provisions from 
our government. At the same time, there is a significant rise of 
venture capital and entrepreneurial activity in Asia, Eastern Eu- 
rope and South America, and foreign governments are being very 
aggressive in promoting favorable tax policies and improving their 
infrastructure. So for the first time we have got very, very viable 
competitors outside of the United States. They are giving us a run 
for our money. 

That is one of the reasons why we support the America COM- 
PETES Act of 2007. Some of the major components of that Act are 
things like support for basic research, so we leverage NIH, DOD, 
DARPA and ARPA-E, and if we have time later, I will give you 
some really fun examples of companies that have been started as 
a result of this that are now employing thousands and thousands 
of Americans. 

Another component of this is support for a highly skilled work- 
force. This is very critical for us. The venture capital community 
wholeheartedly supports improving math and science education for 
U.S. students, particularly in K-12 students, things like STEM 
curriculum and other fundamentals of 21st century education, 
some of which I am fortunate enough to see practiced in my chil- 
dren’s schools in California at Ormondale and Cormadera and 
Castalella. 

But other critical elements for us are things like immigration re- 
form. Twenty-five percent of venture-backed public companies were 
founded by immigrant entrepreneurs. We have immigrant entre- 
preneurs represented at this table. In fact, I would daresay that if 
you go back a couple of generations, we are all represented in one 
form or another by immigrants. These companies include stars 
such as Intel, eBay, Google, Yahoo and Sun, and yet in recent 
years U.S. immigration policy has become relatively restricted 
when it comes to bringing in the best and brightest from overseas. 
We have to stop that and we have to reverse these policies. India 
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and China are welcoming these bright minds. We have to be first 
in that regard. For that reason, we are supportive of the Start Up 
Visa initiatives that are in the House and the Senate. Passage of 
these types of bills will signal the entrepreneurial community 
around the world that the United States is indeed open for busi- 
ness. 

Another major category for us is access to capital. A significant 
part for us and a very, very serious near-term threat to our entire 
industry is what is being contemplated by Congress now in chang- 
ing the capital gains rate associated with venture capital and inno- 
vation. Going back to 1968, Congress passed a watershed law that 
had risk capital rewarded with a lower capital gains rate, not ordi- 
nary income rates. There is a discussion underway right now with- 
in Congress to reverse that and to in fact install ordinary income 
rates on capital gains. If that happens, make no mistake, you are 
tripling the rates of taxation on our industry and you will abso- 
lutely kill the goose that is laying the golden eggs. I can’t make 
that any clearer for you. It is just that simple. 

The need for capital, however, does not end with venture invest- 
ment. We need a lively and a vibration IPO market. Go back to 
1996. Sixty percent of the IPOs in the world in 1996 were done in 
the United States. By 2006, 22 percent were done. Last year, two- 
thirds of the clean tech exits in clean tech, the field in which I 
work, were in China, not in the United States. There are a number 
of things that we have to improve and we have to get stronger 
around this. The implementation of Sarbanes-Oxley, some of the 
restrictive provisions around financial regulation are starving our 
young companies of the ability to have early exits. That is very, 
very difficult for us. I realize you are not the Finance Committee 
but we could use your help on that wherever we can. 

Finally, on intellectual property protection, we have some of the 
strongest intellectual property protection in the world but it needs 
to be even stronger and we need to continue to reform and aug- 
ment the work of the U.S. Patent Office. 

So in conclusion, let us make no mistake about it, the race is 
ours to lose but to maintain our innovation advantage we must re- 
dedicate ourselves to what has made us successful: increasing sup- 
port for basic R&D, improving math and science education, sup- 
porting immigration and patent reform, and improving access to 
capital through smart tax policies. Without action on these fronts, 
the United States may find itself in the unfamiliar role of an also- 
ran in the innovation race. The venture capital community looks 
forward to working with you, the Federal Government, on this, and 
I will be happy to take any questions. Thank you. 

[The prepared statement of Mr. Holland follows:] 

Prepared Statement of Paul Holland 

Introduction 

Chairman Wu, Ranking Member Smith, and members of the Committee, my 
name is Paul Holland and I am a general partner at Foundation Capital, a venture 
capital firm based in Menlo Park, California. Foundation invests in early stage com- 
panies that are driving innovation in the areas of software, clean technology, the 
Internet, telecommunications and semiconductors. We look for new and innovative 
ideas that don’t simply improve the status quo incrementally, but rather disrupt it 
in positive ways. Specifically, we fund companies that promise to change the way 
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businesses, consumers and even entire industries behave. Since our first fund in 
1995, Foundation has invested more than $1.5 billion dollars into innovative start- 
up companies located primarily in California but across the United States as well. 

In addition to my responsibilities as a venture investor, I am also a member of 
the National Venture Capital Association (the NVCA) based in Arlington, Virginia. 
The NVCA represents the interests of more than 400 venture capital firms in the 
United States. These firms comprise more than 90 percent of the venture industry’s 
capital under management. 

It is my privilege to be here today to share with you, on behalf of the venture 
industry, our perspective on the critical factors that foster innovation on a regional 
and national basis in the United States. Our country is home to many of the bright- 
est minds on the planet. And that intellectual prowess has benefited our economy 
in countless ways. Yet we all know that the process of bringing innovation to life 
is not simple. There is a critical path along which many stakeholders — including en- 
trepreneurs, venture capitalists and policy makers — play important roles. Histori- 
cally, our government has helped pave that path with policies that encourage inno- 
vation on many levels. Yet the environment has changed significantly in the last 
decade and the United States is no longer guaranteed a monopoly on entrepreneur- 
ship and innovation. We have a tremendous opportunity to shape our future and 
I look forward to discussing today how we can ensure our technological and eco- 
nomic leadership going forward. 

The Role of Venture Capital in the Innovation Life Cycle 

I would like to share a brief overview of the role of venture capital in the innova- 
tion life cycle. For decades, the venture capital industry has dedicated itself to find- 
ing the most innovative ideas and bringing those ideas to market. We raise money 
from institutional investors and our firm partners for the express purpose of identi- 
fying and investing in the most promising ideas, entrepreneurs and companies. We 
only choose those with the potential to grow exponentially with the application of 
our expertise and venture capital investment. Often these companies are formed 
from ideas and entrepreneurs doing work in university and government labora- 
tories — or even someone’s garage. Many of these ideas would never see the light of 
day were it not for venture investment. 

Once we have identified a promising opportunity, we conduct a thorough due dili- 
gence process on the entrepreneur or scientist, the technology on which the oppor- 
tunity is based, and the potential market. For a venture capitalist to invest in a 
company, the discovery process must be well underway. Oftentimes, we will delay 
an investment until further research is successfully completed. Put another way, 
venture capitalists invest in applied research — not basic research. For those compa- 
nies that have moved through the basic research process and have a functioning 
product that passes muster with our firm, we make an investment in exchange for 
equity ownership in the business. Venture capitalists do not employ leverage or 
issue debt as a part of our investment. We also generally take a seat on the com- 
pany’s board of directors and work very closely with management to build the com- 
pany and bring the innovation to market. 

The innovation process is long and characterized by significant technological and 
entrepreneurial risk. We typically hold a venture capital investment in an indi- 
vidual company for at least eight to ten years, often longer and rarely much less. 
During that time we continue to invest follow-on capital in those companies that are 
performing well; we cease follow-on investments in companies that do not reach 
their agreed-upon milestones. Our ultimate goal is what we refer to as an exit — 
which is when the company is strong enough to either go public on a stock exchange 
or become acquired by a strategic buyer at a price that ideally exceeds our invest- 
ment. At that juncture, the venture capitalist “exits” the investment, though the 
business continues to grow and innovation continues to take place. 

The nature of our industry is that many companies do not survive, yet those that 
succeed do so in major ways. Our asset class has been recognized for building a sig- 
nificant number of high-tech industries, including the biotechnology, semiconductor, 
online retailing and software sectors. Within the last several years, the venture in- 
dustry has also committed itself to funding companies in the clean technology arena. 
This includes renewable energy, power management, recycling, water purification 
and conservation. Many of the young companies that we fund serve as the de facto 
R&D pipeline for larger corporations as, in many cases, our start-up technology is 
far superior than what can be generated in a corporate R&D environment. This phe- 
nomenon is especially true in the life sciences and software sectors, where our com- 
panies are regularly acquired for their technology and intellectual property. We be- 
lieve this dynamic will ultimately become the reality in the energy and clean tech 
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sectors as well. My partners and I are extremely proud of the work that we do each 
day because we are indeed creating the future. 

Historically, venture capital has differentiated the U.S. economy from all others 
across the globe in terms of job creation and innovation. According to a 2009 study 
conducted by the econometrics firm IHS Global Insight, companies that were started 
with venture capital since 1970 accounted for 12.1 million jobs (or 11 percent of pri- 
vate sector employment) and $2.9 trillion in revenues in the United States in 2008. 
Such companies include historic innovators such as Genentech, Intel, FedEx, Micro- 
soft, Google, Amgen and Apple. These companies have brought to market thousands 
of innovations that have improved and, in the case of the life sciences sector, actu- 
ally saved millions of lives. 

Venture-backed companies are responsible for the introduction of Internet naviga- 
tion and search, microprocessors and wireless applications. On the medical side, our 
companies brought to market drugs to treat cancer, diabetes, heart disease and spi- 
nal chord injuries. And on the clean technology side, we are actively working on in- 
novations to reduce our dependence on foreign oil and create a more sustainable en- 
vironment for the next generation. It is almost inconceivable that these monumental 
advances were once small ideas tucked away in a lab or a living room. But we assert 
that the next great innovation is today a small idea waiting somewhere. We are 
committed — along with the government — to finding and funding it. Our country’s fu- 
ture depends on it. 

The Silicon Valley Phenomenon 

No other region in the country can attest to the positive impact of innovation on 
the economy than California. In fact, most people who are familiar with venture 
capital — even remotely — tend to associate it with Silicon Valley. It is indeed the in- 
dustry’s Fertile Crescent, with approximately 40 percent of all venture capital dol- 
lars invested in companies from San Jose to San Francisco. For this reason, VCs 
are often asked what factors drive Silicon Valley’s ongoing growth and keep the re- 
gion successful in fostering innovation and growing new companies. It is a relevant 
question because the answer offers a blueprint for other regions that wish to emu- 
late the Valley’s success. This blueprint is also consistent with what our country 
must do as a whole to keep innovation alive. 

Like Silicon Valley, most successful venture capital hubs begin as communities of 
extremely bright, best-in-class innovators. These innovators are usually drawn to- 
gether by a top-flight research university, government laboratory or a highly innova- 
tive, often venture-backed company. Stanford University has been the source of 
countless innovations around which venture capitalists have formed Silicon Valley- 
based companies. The same can be said for MIT in Boston, University of Pennsyl- 
vania in Philadelphia and Duke and North Carolina in the Research Triangle re- 
gion. Silicon Valley is also home to important anchor companies: Intel, Genentech, 
Cisco and Google are just a few. These companies regularly spin-out new entre- 
preneurs who pursue their own ideas and start-ups from existing operations. They 
also foster a pool of technical talent available to the region. We have seen similar 
types of spin-out companies in places such as Austin, Texas with Dell, in Min- 
neapolis with MedTronic, and in Seattle with Microsoft. 

Often, these communities coalesce around a certain industry or technological 
niche. Silicon Valley has a long and successful history of embracing these niches 
early on, beginning with semiconductors and following up with biotechnology, enter- 
prise software, consumer Internet and now, clean technology. Other examples of re- 
gions that have successfully built an ecosystem around a specific technology include 
New York with new media, Tennessee with healthcare I'T, and Northern Virginia 
with telecommunications. Concentrating on these niches creates a virtuous circle 
that spurs research and innovation, draws more talent and attracts more capital to 
the region. And while regions such as Silicon Valley and Boston account for a major- 
ity of the investment in certain sectors, there is room for more than one region to 
claim space. To wit, Florida, in its quest to become a life sciences center, recruited 
the new Scripps Institute to locate there and has benefited from that institution’s 
presence in Palm Beach County. Many regions are now vying for a stake in the 
clean technology sector. Rocky Mountain states like New Mexico, Colorado and Ari- 
zona making strides in this area. 

Innovators become entrepreneurs only when they have the supporting environ- 
ment to do so. Venture capital alone is not enough. There must be a sound mecha- 
nism for transferring technological innovations from the research institutions and 
scientists that spurred them to the company that will guide them to market. To sup- 
port that process, a robust network of lawyers, accountants and other business pro- 
fessionals to help with business planning, networking, intellectual property protec- 
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tion, IPO registration compliance and hiring issues is also important. In addition, 
though as simple as it sounds, the region must have an infrastructure that can sup- 
port growing companies. That means efficient local and regional transportation sys- 
tems, convenient airports, affordable housing, quality schools and vibrant cultural 
and social scenes. 

Government and civic support is also essential. This starts with favorable tax poli- 
cies, common-sense regulatory structures and encouragement of basic research. 
State and local initiatives that reward emerging growth companies also make a sig- 
nificant difference. Please understand that is different than giving massive teix 
abatements to large local corporations. Instead, a program like Ben Franklin Tech- 
nology Partners in Pennsylvania, that supports start-up companies in their earliest 
stages, helps create a pipeline from which venture capitalists can draw. Also, state 
pension funds that invest in local venture capital firms also drive success. States 
such as California, Pennsylvania, and Wisconsin have strongly supported local ven- 
ture firms in recent years, resulting in increased investment by indigenous firms in 
their states’ start ups. 

It is important to note that venture capitalists do not create these conditions fa- 
vorable to investment. We seek them out. For those looking to replicate Silicon Val- 
ley’s success, it starts with these factors and builds from there. States should under- 
stand that growing such an environment is an expensive, long-term endeavor. How- 
ever, I’m sure that Californians will tell you that the economic pay-off is worth it. 

Looking Forward on a National Level 

The ingredients that make for successful venture capital hubs like Silicon Valley 
are not unlike the ingredients for a thriving innovation ecosystem in the U.S. as 
a whole. Access to strong basic research, the best and brightest minds, public policy 
that promotes access to capital, and an infrastructure that supports the entre- 
preneur are in fact the precise components that have historically allowed the U.S. 
to thrive on the innovation spectrum. And these same drivers will determine our 
fate going forward. 

Yet, it is important to recognize that the global environment for innovation has 
changed dramatically in the last decade — creating both opportunities and threats to 
U.S. innovation. Technology has indeed made the world flat and our companies 
today all employ global strategies when it comes to markets, product development 
and operations. The global markets offer our companies tremendous growth opportu- 
nities — provided the U.S. maintains open trade provisions. Yet, at the same time, 
there has been a significant rise of venture capital and entrepreneurial activity in 
regions outside the United States such as Asia, Eastern Europe and South America. 
As entrepreneurialism grows on a global scale, we face a new competitive environ- 
ment in which innovation can be developed anywhere. Foreign governments are 
being extremely aggressive in promoting favorable teix policies, improving their 
legal, accounting and intellectual property structures, and boosting their R&D 
spending to foster more innovation in their countries. The U.S. needs not only to 
maintain our current commitment to an innovation agenda but rise up to meet the 
challenge set by our foreign competitors or risk losing our technological edge. 

For these reasons, the venture capital industry supported the America Competes 
Act and continues to support the spirit in which it was passed in 2007. In order 
for the U.S. to maintain its competitive advantage and economic leadership, we 
must continue to aggressively promote a public policy agenda that rewards risk tak- 
ers and embraces innovation at a national level. Components that are particularly 
relevant to the venture capital industry and our role as purveyors of innovation are 
as follows: 

Support for Basic Research 

The government has a critical role to play in the area of basic research. It is from 
this pipeline of scientific advances in fields such as information technology, life 
sciences and now, clean technology, that the venture capital industry has tradition- 
ally drawn many of our innovations. Often, early stage research into new discoveries 
is first funded with Federal dollars in a university or government lab and then com- 
mercialized by a venture investor. 

Such was the case with Atheros Communications, founded by leading experts in 
radio and signal processing at Stanford University. Atheros benefited early on from 
access to DARPA research on semiconductors and communications. My firm helped 
to shepherd the researchers out of Stanford and invested the first $100,000 into the 
company in 1997. Since that time, the company has become the leading provider of 
WiFi communications, providing the technology that powers innovations such as 
wireless local area networks (WLAN), mobile WLAN, global positioning systems 
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(GPS), Bluetooth, Ethernet and powerline communications. Atheros went public in 
2004 and today employs more than 1,300 people and has a market capitalization 
of $2.5 billion. 

Sources of these basic research funds have historically included the NIH, DOD, 
DARPA and, most recently ARPA-E. Continuing to support federally funded re- 
search through these agencies will allow the symbiotic relationship between the gov- 
ernment and venture capital to continue. Essentially we pick up where government 
funding leaves off. We believe this relationship will be especially important in the 
area of clean tech innovation. We have been very encouraged by the funding of 
ARPA-E at the $400 million level. We hope to see a continued commitment at that 
level or above going forward, so that the exciting work taking place in those labs 
has the opportunity to be brought to the American public. We also ask that policy 
makers continue to exhibit the same patience they have shown in the past for the 
high-risk and long-term nature of the innovation process. This support is critical to 
our ability to see our projects through to success. 

Support for a Highly Skilled Work Force 

In addition to supporting the research, government must also support the entre- 
preneurial and technological talent that brings this research to life. The venture 
capital community wholeheartedly supports improving math and science education 
for U.S. students, particularly in grades K through 12. Other countries have been 
committed to the Science, Technology, Engineering and Math (STEM) components 
of education for some time. Our understanding is that we are making strides in 
these areas; but we can not ease up on our commitment to engage our students 
more fully. 

In addition to better educating our own students, it is also critical that we ensure 
that the best and the brightest scientists and entrepreneurs from all over the world 
want to come to the United States to innovate and grow their businesses. The ven- 
ture industry has long supported highly skilled immigration reform that would 
make it easier for foreign born nationals to build companies in the United States. 
The NVCA-commissioned study, American Made: The Impact of Immigrant Entre- 
preneurs and Professionals on U.S. Competitiveness found that 25 percent of ven- 
ture-backed public companies were founded by immigrant entrepreneurs. These 
companies include innovation stars such as Intel, eBay, Google, Yahoo and Sun. 

Yet in recent years, U.S. immigration policy has become restrictive relative to the 
policies of foreign countries — and just when they are proactively growing their own 
entrepreneurial and innovation ecosystems. As the United States is making it more 
difficult for foreign scientists and entrepreneurs to enter our country, other coun- 
tries such as India and China are welcoming these bright minds to their shores. Un- 
less we see a significant change in immigration policy for highly skilled workers, 
we risk losing the brightest talent to our global competitors. 

For this reason, we are very supportive of the Start Up Visa initiatives that have 
been introduced in both the House and the Senate. Under these bills, immigrant en- 
trepreneurs can obtain a special visa to build their companies in the United States 
if they have secured venture capital financing from a qualified investor. The passage 
of such a bill would send a much needed signal to entrepreneurs around the world 
that United States wants them innovating here. Companies that are formed here 
drive innovation here. There is no other way to say it. 

Access to Capital 

Support for innovation also hinges upon the government’s understanding of the 
importance of capital formation and support for incentives for long-term investment 
and risk taking. While we know that this committee does not have jurisdiction on 
developing tax policies, it is an area that remains of critical concern to the venture 
industry and has the potential to impact our ability to fund innovation. Entre- 
preneurs and venture capitalists must continue to be rewarded for the risks they 
take. Today there is a meaningful differential between ordinary income and capital 
gains tcix rates, which offers an incentive for the long-term investment in innovative 
companies as opposed to short-term speculation. Without this differential, the re- 
ward for building and growing a company from scratch is significantly lower and 
less likely to promote this type of activity. 

We also continue to support the current tax policy that allows both entrepreneurs 
and the venture capitalists who invest their time and capital alongside management 
to receive capital gains tax treatment when they have successfully huilt and grown 
companies. This policy — which grants capital gains tax status to venture capitalists 
who successfully invest in and help companies to grow — has been under fire as cer- 
tain lawmakers have sought to change the teix status of carried interest to ordinary 
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income. The result will likely be a long-term reduction of venture capitalists, a lower 
risk threshold for existing venture capitalists, and fewer innovations funded overall. 
By enacting this policy, Congress will put innovation and job creation at tremendous 
risk. Our position on this issue is publicly available from previous hearings and we 
continue to welcome the opportunity to work with lawmakers to better understand 
the implications of this troubling proposal. 

The need for capital does not end with venture investment. The goal of many ven- 
ture-backed companies is to one day thrive as a publicly traded entity. However, the 
last decade, and the last three years in particular, have been especially hard for 
venture-backed IPOs. A healthy venture-backed IPO market would see close to 100 
new issues each year. In 2008, we saw just 6 venture-backed IPOs; 2009 had 12; 
in the first three months of 2010, there have been just 5. 

While much of this lackluster environment can be attributed to the financial crisis 
and skittish investors, we believe that there are fundamental structural issues that 
need to be more closely examined. The implementation of Sarbanes Oxley, the sepa- 
ration of research and investment banking, and decimalization — among other fac- 
tors — have all contributed to a market that is not receptive to small cap IPOs. This 
situation is critical to the future of innovation because without an IPO market re- 
covery, venture capitalists are not in a position to make new investments at the 
pace we have kept in previous years. We will spend more time with existing compa- 
nies, wait longer to take them public, and complete fewer new deals. We do not 
want these good companies to wither on the vine if we can jump start the IPO mar- 
ket once again. 

We believe there is a role for policy makers and regulators to better support 
emerging growth companies and commit formal resources to understanding the dy- 
namics and challenges of today’s IPO market. Dedicating senior SEC officials to ad- 
dress the collective interest of these rising stars will send a message to the market 
that the government is there to help, not hinder, their growth and innovation. We 
believe the formation of such a group would be extremely well received and we as 
an industry would commit to supporting its endeavors. 

Intellectual Property Protection 

The U.S. must also enact some essential reforms to its patent system. Few sys- 
tems have protected and rewarded innovation better, but the system has gone 50 
years without so much as a tune up. Patents are particularly important to the start- 
up community because they are sometimes the only asset of value that an emerging 
company holds. Often venture capitalists evaluate the quality of a company’s patent 
or patents when deciding whether or not to invest. Thus, patents protect the value 
of both the innovation and the investment. 

For this reason, the U.S. must focus on improving the quality of the patents it 
grants and the predictability of its protection process. Stronger patents will help re- 
duce the amount of needless litigation generated by specious or spurious challenges 
and infringement claims. Greater predictability in how the U.S. Patent and Trade- 
mark Office, or PTO, awards and protects patents will also reduce risk for emerging 
companies and their investors. Current patent reform legislation moving through 
the Senate addresses many of these challenges and we are hopeful that the final 
outcome will institute reform that adequately funds the PTO and protects small in- 
novative companies. 

Conclusion 

As we’ve seen, the United States has harnessed innovation to power economic 
growth, raise standards of living and improve our lives. The Federal Government 
has played a vital role in this success through innovation-friendly policies and incen- 
tives. We applaud policy makers who seek to foster an ecosystem where risk taking 
and entrepreneurship are rewarded. Yet the bar continues to rise as many foreign 
governments have begun to emulate our success and seek to surpass it. Their suc- 
cesses mean that we no longer hold a monopoly on innovation and its benefits. 

Make no mistake: The race is still ours to lose. But to maintain our innovation 
advantage, we must rededicate ourselves to what made us successful: increasing 
support for basic R&D, improving math and science education, supporting immigra- 
tion and patent reform, and improving access to capital through smart tax policies. 
Without action on these fronts, the United States may find itself in the unfamiliar 
role of also-ran in the innovation race. The venture capital community remains com- 
mitted to doing our part to ensure this is not the case. We look forward to working 
with Members of this Committee, Congress and the Administration to support the 
best and brightest ideas and continue to fill a robust pipeline of innovation for our 



72 


country. I want to personally thank you for the opportunity to discuss these impor- 
tant issues with you today and I am happy to answer any questions. 

Biography for Paul Holland 

In addition to coordinating the CleanTech practice at Foundation Capital, Paul’s 
primary focus is on helping early-stage start-ups go from zero to $100M in revenue. 
He helped take public two venture-funded software start-ups, Kana Communica- 
tions (KANA), and Pure Software (RATL). Paul currently serves on the board of di- 
rectors for Bella Pictures, CalStar Products, Chegg, Coverity, Ketera, Serious Mate- 
rials, and TuVox; and previously for Talking Blocks (acquired by Hewlett-Packard) 
and RouteScience (acquired by Avaya). 

Prior to joining Foundation Capital, was senior vice president of worldwide sales 
at Kana Communications, a leading supplier of Enterprise Relationship Manage- 
ment solutions to strategic e-businesses. Paul went on to build a team of over 360 
people that secured more than 900 customers worldwide, helping Kana become one 
of the top ten IPOs of 1999. Before Kana, Paul was a vice president and general 
manager for another highly successful start-up. Pure Software, helping raise their 
market value from $2 million to over $1 billion in his five-year tenure there. He 
began his professional career at SRI International (formerly the Stanford Research 
Institute). 

Paul enjoys spending time with his wife Linda Yates, and their three daughters, 
Kylie, Devon, and Piper. In his spare time he enjoys golf, volleyball, poker, traveling 
(he has visited over 50 countries to date), and is building a LEED Platinum home 
in Portola Valley. Paul has been guest lecturer on entrepreneurship at Dartmouth’s 
Amos Tuck School of Business, Harvard Business School, James Madison Univer- 
sity, and the Stanford Graduate School of Engineering. He is an active advisor and 
supporter of Project BUILD in East Palo Alto, the Bing School at Stanford and Sus- 
tainable Silicon Valley. Paul received an MBA from the University of California at 
Berkeley; an MA in Foreign Affairs from the University of Virginia; and a BS from 
James Madison University. 

Chairman Wu. Thank you very much, Mr. Holland. At this point 
we will open for our first round of questions, and the Chair recog- 
nizes himself for 5 minutes. 

I just want to point out that we have a number of opportunities 
right before us. It is not just the Administration’s deployment of 
broadband but the Administration already has statutory approval 
and funding for health IT initiatives, for its energy initiatives. We 
have a couple of very important legislative opportunities in front of 
this Congress. One is the reauthorization of SBIR and of course the 
big one is the reauthorization of America COMPETES, which af- 
fects so much of what you all have addressed. 

I am going to begin by throwing you a puffball for you all, and 
I think I will just go from my left to right and ask that you, from 
your view, don’t repeat anything that is cited to your right but list 
additional factors, and the question is, what are the biggest bar- 
riers, what are the biggest barriers to entrepreneurship and what 
are your top one, two or three priorities, priority recommendations 
to help address those particular barriers. Mr. Chopra, why don’t we 
start with you? 

Hon. Chopra. We are squarely focused on strengthening the 
commercialization success rate out of research and development in- 
vestments as a Nation, and you heard a terrific body of testimony 
from Dr. Kamlet. But Secretary Locke is leading a dialog with the 
university community throughout the country specifically on how 
we address this issue. I will simply highlight one basic phe- 
nomenon. As my mentor describes, we have a terrific portfolio of 
ideas throughout our university system and we have a challenge to 
bring market relevance to those ideas. In combination we can 
achieve a much higher rate of entrepreneurship, and so a great 
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deal of the reason you saw the $12 million investment in the part- 
nership for innovation fund in the National Science Foundation in 
the President’s budget — was to bring more of the market relevance 
capabilities to the ideas that are coming out of our universities. 
You see that our innovation clusters work, and we are going to con- 
tinue to focus on that as an important lever to see, we think, an 
improvement in the rate of entrepreneurship in the country. Obvi- 
ously the factors I had cited earlier-about ensuring the conditions 
for an open and competitive marketplace, the capital markets suc- 
cess, an open and efficient government — are all factors as well but 
we are first and foremost going to look at the commercialization as- 
pect. 

Chairman Wu. Terrific. Thank you. 

Dr. Kamlet. 

Dr. Kamlet. Thank you. I will focus on one that is specific to 
universities and in particular to university-industry partnerships. 
Right now a company may come to the university and to a faculty 
member and say I would like to give you $1 million to do research 
in this particular area, and the faculty member will say that is fab- 
ulous, that is exactly what I want to do and this is going to be criti- 
cally important research, and then we tell the company but you do 
know that you will not own the intellectual property, that we can’t 
guarantee that we will license it to you and we cannot guarantee 
we won’t license it to your competitors instead. And then the com- 
pany says I am sorry, you must have misunderstood, I said we 
were going to give you $1 million. And we say yes, we heard you 
correctly but those are the conditions, and then the company says 
here we go to Singapore. And this is a reflection of an unintended 
aspect of the tax laws pertaining to doing research that is funded 
by industry in buildings that were originally once upon a time fi- 
nanced by tax-exempt bonds. It seems like it is a small thing but 
when you are trying to find good ways to interface with industry, 
it is a huge impediment and we would be happy to provide more 
details about that. It is something that is not recognized very 
broadly but affects us quite a bit. 

Chairman Wu. You know, a staffer brought that to my attention 
about five years ago, and I had a hard time understanding it until 
just this moment. Thank you. 

Dr. Atkinson. 

Dr. Atkinson. Let me list two, one that isn’t this Committee’s ju- 
risdiction but I do think it is a central one, and that is what you 
could term foreign technology protectionism or mercantilism. I 
think it is much harder for entrepreneurs to succeed in this coun- 
try now when you have intellectual property theft on a rampant 
basis, when you have standards manipulation, when you have a 
whole set of other practices that countries, not just China, but 
other countries are engaged in that that violate the spirit and of- 
tentimes the law of WTO. I think that is a key factor that we are 
going to have get right. 

But the second thing I think is, we don’t do anywhere near as 
good a job of creating support systems for entrepreneurs at the 
ground level, and you compare that to a country like Finland which 
has a wonderful support system linked to their universities where 
if you are an entrepreneur with an idea, you can get help, you can 
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get technical assistance, you can find maybe an incubator to be in. 
You can get easy technology transfer from universities. So I com- 
mend what the Administration has done and I hope we can con- 
tinue to improve on that because I think that is the right direction 
to go as we have got to beef up these regional innovation clusters. 
I think that would be an important step. 

Chairman Wu. Thank you. Dr. Breznitz. 

Dr. Breznitz. I would like to follow Dr. Atkinson and the Honor- 
able Chopra and also to talk about people, and in this case with 
great opportunity we have with this financial crisis that we just 
had. If you look at other countries, Finland, Israel and Ireland, one 
of the most important things for the high-tech industry was a crisis 
after which there were released a resource of a great genius who 
are in their middle ages with families and kids that need to go to 
college that couldn’t even think about becoming entrepreneurs be- 
fore and now they had to, and what those countries did is help 
those kinds of people who know the industry, know how to make 
products but never wanted to do this job, now had to do this job, 
helped them to get the education to be entrepreneurs and the envi- 
ronment to be entrepreneurs and I think that is part of what we 
should do. 

Chairman Wu. Thank you. 

Mr. Holland. 

Mr. Holland. I will try not to be duplicative. I got the bad seat 
for that. It is pretty straightforward from our perspective. 

Chairman Wu. Well, I knew that you were up to the challenge. 

Mr. Holland. Thank you so much. Chairman. I appreciate your 
confidence. 

So straightforward for us. Please don’t triple the tax rate on the 
industry that has created 11 percent of the high-quality jobs and 
about 20 percent of the GDP in this country over the last 40 years. 
It is pretty straightforward from our perspective. Second, pass the 
Start Up Visa Act and take any steps necessary to ensure that the 
best and brightest from around the world continue to come to this 
country and don’t choose instead to go to China and India and 
other places that welcome them in a more receptive way than it 
looks as if we are about to as a society. 

And finally, continue to drive for improvements in math and 
science education and a 21st century curriculum in our K-12 sys- 
tem. If any of you saw the recent Friedman article on the Intel 
Prize, which the top science students in the country compete for, 
80 percent of the kids that were there were either first- or second- 
generation immigrants and many of whom’s parents had had train- 
ing elsewhere. We have got to upgrade our basic infrastructure in 
K-12 and get back on the forefront of producing the best scientists 
in the world. 

Chairman Wu. Thank you very much. 

Mr. Adrian Smith of Nebraska, five minutes. 

Mr. Smith. Thank you, Mr. Chairman, and thank you to the 
panel for sharing your expertise. I am grateful for the many per- 
spectives that you bring and certainly I hope that we can focus on 
innovation more so every day. I can’t help but think that the best 
driver for more innovation is available capital, and so I want — and 
I think we need to be mindful of that. I understand the government 
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needs to provide a nudge here and there but I struggle to think 
where the government should be the most important driver of inno- 
vation because I think that the private sector is underestimated 
with that. This has been interesting hearing the various perspec- 
tives and so again I just want to reiterate how much I appreciate 
your willingness to come here today. 

Dr. Chopra — I hope I am pronouncing that right — how involved 
should the Federal Government be in terms of the growth of inno- 
vation and what are the building blocks that you mentioned only 
the Federal Government can provide? 

Hon. Chopra. Well, thank you for the question. We actually 
strongly agree with the view that our private sector has been at 
the heart of job creation and the success of our entrepreneurial 
economy. But we, as I referenced in testimony, believe that there 
is a balance to be struck around building blocks, and the building 
blocks in particular are very straightforward, basic research and 
development, the work this Committee had done on putting us on 
track to doubling the basic research investments at NIST, the Na- 
tional Science Foundation and the basic science office within the 
Department of Energy. We very much believe in the importance of 
basic research investments and that is why the President has done 
as much as he can both in the stimulus act and in the proposed 
budget-to get us on track for the investment. 

On the workforce piece: I think, to underscore Mr. Holland, we 
are absolutely committed to making sure that our educational sys- 
tem focuses on science, technology, engineering and mathematics. 
That is why in the Race to the Top Fund, the only competitive 
differentiator a state could get extra points for when they applied 
for the Race to the Top funding was the degree to which they incor- 
porated STEM into their application. It is the only differentiator. 
That is why the President, with basically no government money, 
collaborated with dozens of companies to create the Educate to In- 
novate Initiative which has already tallied over $500 million in pri- 
vate sector and philanthropic commitments to focus on STEM edu- 
cation. His priority goal is having America achieve the highest pro- 
portion of college graduates in the world by 2020, all of that is an 
essential building block. But we also believe in advanced IT infra- 
structure and the degree to which we have effective and efficient 
broadband, affordable and universal broadband throughout the 
country is a key priority for this Administration. If you are in a 
rural part of the country and you have a terrific idea and you want 
to build that application to generate wealth in your neighborhood, 
with the access to high-speed affordable broadband, we think you 
deserve every right to have the ability to compete. So those are the 
key building blocks as we see them, and I would be happy to go 
into more detail if you would like. 

Mr. Smith. So I hear you saying that perhaps research wasn’t ex- 
actly ignored during the tech Wbble, 1995 to 2000 or 2000 to 2007. 
I think you mentioned previously that it was ignored. Really? I 
mean, do you really mean that? 

Hon. Chopra. Maybe I misunderstood your characterization. I 
never said that research and development investments per se had 
been ignored, but I think if you looked at the overall performance, 
the statistics that Rob Atkinson cited very clearly were that there 
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is a distinction between flat year after year, or I should say con- 
sistent with historical purposes, and how others around the world 
are competing. I think Rob’s statement that we had been at the top 
on a range of these measures and that if you look at the rate at 
which we have improved on those numbers from 2000 to 2009 that 
the rate of change in our investments in these areas hadn’t kept 
up the pace. I think that is the heart of the COMPETES Act, about 
putting us on track to doubling R&D. It is not that per se the num- 
bers had fallen and we have ignored them. We have been funding 
universities forever. But it is the notion that we hadn’t put more 
of the research emphasis in that area, and I think that was where 
I was referring to, the notion of the historical perspective. 

Mr. Smith. Okay. Thank you. I appreciate that. I do want to also 
add, you know, as I am across not only my district but I do get out 
of Washington and my district now and then, there is an immense 
concern that some of the goings-on in Washington will indeed stifle 
innovation, whether it is tax policy as has been mentioned a little 
bit here, and I don’t want to elaborate in the interest of time on 
exactly what these things are, but I want to give emphasis and 
pass along the concern of many Americans that many of these poli- 
cies, tax policy among them but just one of them, would constrain 
innovation, would have a lockdown among our economy that is es- 
pecially damaging, especially to innovation, especially to tech- 
nology, ultimately to prosperity, and as we know, our budget relies 
heavily on those who have prospered and the fewer prosperous 
folks and entities we have, the more our budget hurts. 

And so I know that my time is up and so I want to close with 
that, at least for now, but again, let me say thank you for your ex- 
pertise. 

Chairman Wu. Thank you very much, Mr. Smith. 

Ms. Edwards. 

Ms. Edwards. Thank you, Mr. Chairman, and thank you to all 
of our witnesses. As is always the case whenever we are in this 
Subcommittee, we hear much more interesting and creative things 
than in some other places here in Congress, so thank you. 

I want to ask about this notion of innovation and entrepreneur- 
ship because I do think that there is a distinction and I think 
sometimes we get confused that merely investing in entrepreneur- 
ship is investing in innovation, and I wonder if some of our wit- 
nesses could actually discuss that, and along those lines, also this 
notion of investing in risk taking and the role of government, par- 
ticularly in early stages in risk taking which might be distinct from 
the kind of risk taking, Mr. Holland, that you spoke about, where 
you are making decisions about where to place venture capital. And 
perhaps starting with Mr. Chopra, Mr. Holland, I wonder if you 
could weigh in on that. 

Hon. Chopra. Very thoughtful questions. Thank you. Let me 
begin by saying the distinction between innovation and entrepre- 
neurship may be slightly less broad if you focus on high-growth en- 
trepreneurship, and a great deal of our policy framework is focused 
on high growth, and of course, neither are sufficient. Simply invest- 
ing in high growth, one has to make some leaps of faith as to what 
is in fact a high-growth business, and there is a whole body of work 
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around how one does that. Experts like Paul at the end are focused 
there. 

On the topic of risk capital, we see that the President has made 
investment decisions to reflect this, that high-risk, high-reward 
basic research should remain a priority within the government. So 
while we have asked for the rate of growth to continue to rise in 
investments in National Science Foundation and so forth, we are 
also innovating within how that money is deployed so that we are 
pushing as much as we can to ensure that those programs that 
they fund allow for creativity and innovation. That is what I would 
call the productivity with which our R&D investments flourish, and 
I think high-risk, high-reward opportunities that we are focused 
on-for a specific example, ARPA-E in the energy domain — allow us 
to take a chance in areas that may not be as viable for traditional 
private investment but might make sense given the construct of 
where we are from a basic research perspective. 

When it comes to risk capital in the commercial setting, as we 
said earlier, creating the right market conditions that spur produc- 
tive entrepreneurship is where we have focused our policy prior- 
ities. So making sure that we are doing what we can to be sup- 
portive of our private sector participants and ensuring that we are 
doing what we can to make government work, where we engage, 
that we have created a capital markets environment that is sup- 
portive and encouraging of the kind of investments that 

Ms. Edwards. Well, can you tell me how that relates to the new 
rules around — the new policies around SBIR? Because we have 
heard testimony in our larger subcommittee and this Committee 
about the tensions between the sort of private smaller business en- 
trepreneurs and the institutional-based educational research insti- 
tutions. 

Hon. Chopra. Well, actually I think there is a great deal of cre- 
ativity and innovation taking place. I wouldn’t call it match- 
making — that may not be the right word — but just last week the 
National Science Foundation announced a $4 million solicitation, 
kind of a matchmaking service, to find the most innovative SBIR 
firms coupled with the most successful engineering research cen- 
ters to see if they could collaborate together in spurring new eco- 
nomic activity. So we are focused. I think the comment that I was 
making about SBIR was, DARPA as just one agency has tried to 
streamline it. You know, one of the things that is frustrating, if you 
are a small business and you are successful in winning an award 
but you have to wait six months to get a contract, you can’t carry 
your cash flow for that long. It is almost not worth the effort. So 
by getting them to streamline the operations and say well, in 60 
days we are going to get you paid to get you to work, we think that 
is more in line with the notion of a small business. So there are 
some operational aspects to this that we are trying to get right. 

Ms. Edwards. Before I run out, Mr. Holland. 

Mr. Holland. Yes. Thank you. It is an honor to take a question 
from you. Representative Edwards. I was born in Baltimore a long 
time ago, so I am very proud of my birth State of Maryland. 

I think, simply put, when Steve Jobs and Steve Wozniak were 
forming Apple, when Gordon Moore and Bob Norris were forming 
Intel, when Serge and Larry were forming Google, to put it bluntly. 
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they didn’t give a frog’s fat behind about what was going on back 
here in Washington. It just doesn’t work that way in entrepre- 
neurial circles. We just do what we do. It is almost as if the entre- 
preneurs are almost genetically programmed to start companies 
and to raise capital and to hire people. It is just the way they exist. 
It is like artists who create art. It is like writers who write. It is 
a form of existence that people do. 

Where government can help is in the areas that Dr. Chopra is 
referring to. Interfering in the way that capital is formed and cap- 
ital is deployed and making it less efficient for that capital to be 
deployed is an incredible hindrance. That is the hallmark of Second 
World countries. That is not a hallmark of this country. And so 
that is one of the things that we are very, very concerned about as 
we look at what happens. So we have plenty of private capital 
available to help start these companies and get things to happen. 
Just putting us in a position where we can go and operate and do 
what we do and enable entrepreneurs is all we ask of the Federal 
Government at that level. All the work that we are hearing about 
here with the universities, the national labs and so forth is very, 
very important but we deal with things at the end of the line. We 
are where the rubber meets the road in trying to make these into 
businesses that will hire millions and millions of people. We know 
how to do that. The industry knows how to do it. But we are at 
risk right now. 

And just as a footnote, just to give you an idea, there were 1,200 
firms practicing venture capital by the year 2000. There are prob- 
ably close to something like 600 or 700 firms now. Only 95 of those, 
according to some sources, did more than four investments last 
year. That is a very scary statistic for anybody that thinks about 
job growth over the next five or ten years. And if you add on to 
that some of the things that are being contemplated, that is only 
going to get worse. 

Ms. Edwards. Mr. Chairman, I have greatly exceeded my time. 

Chairman Wu. Mr. Smith, five minutes. 

Mr. Smith. I would yield if the Member from Maryland wishes 
for any more time. If she is on a roll, I don’t want to stand in the 
way. Okay. Thank you. 

Now, we have heard here this morning that America is one of the 
only countries in the world that does not have a national competi- 
tiveness strategy yet the Committee is continually examining our 
innovation and competitiveness needs through various hearings, 
culminating in the passage of the 2007 America COMPETES Act 
and continuing with its legislation reauthorization this year. To all 
the witnesses, what do you see as the failures in the current Amer- 
ica COMPETES that would lead to perhaps such a conclusion? 

Dr. Atkinson. Let me start. I can’t resist the last question so let 
me do 30 seconds on that, because I think one of the problems with 
our innovation policy is, we are torn between, is this something the 
private sector does or is it something the government does. And 
with all due to respect to Mr. Holland’s last comment, when you 
look at many of the Silicon Valley companies, they can trace their 
roots very clearly back to government funding in one way, shape 
or form. Google had an NSE grant and others had NSF grants 
around library technology, searching technology. Intel, one of its 
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first customers was the Defense Department. In fact, in 1992, the 
county in the United States that had the most defense contracts — 
this was a study I did for OTA [Office of Technology Assessment] 
when OTA still existed — was actually Santa Clara County. So it is 
sort of I think a false choice to say it is all entrepreneurs who are 
creative and it is all the government — the government didn’t create 
Apple nor could it, but certainly it helped, and I think we have got 
to think about our policies in that regard. 

So to your point about COMPETES, we are big supporters of 
COMPETES. I think it was a very important first step. But COM- 
PETES is a little different than a strategy. COMPETES is a set of 
policies and programs, and I think what we would argue needs to 
be framed on that is a very in-depth strategy to really look at ex- 
actly where our weaknesses are, where our strengths are. And the 
last point on COMPETES, and I would echo Dr. Breznitz’s point, 
I think we need innovation in our innovation policy. I think COM- 
PETES was principally about what economists would call sup- 
porting factor conditions, in other words, more basic research and 
more STEM personnel. Those are very important, and we have not 
done enough of that in this country. But there is a whole set of 
other things around tax policy, around institutional frameworks, 
what Mr. Chopra was talking about, public-private partnerships, 
research consortia, better university relations with entrepreneurs 
and companies, and I think that is where the next COMPETES 
could do a little more with. 

Dr. Breznitz. If I can add, I can also tell something about what 
other nations are doing since I have done this for both Finland and 
Israel and other nations do every seven years in the case of Fin- 
land, which I think is the Nation that does it, convey a group of 
experts, both local and foreign so they know they have somebody 
to evaluate them, and try to really look at how the country works, 
what are the policies and do they make sense together, not just as 
one act but all the tax laws, all the education facilities, all the en- 
trepreneurship policies, do they make sense together? How they 
can be fixed? What are good ideas to fix them? And that I think 
is what put both Israel and Finland from peripheral economies — 
let us call them that — to being on the forefront, and I think that 
this is what we should do. So I do think that we need to, as Dr. 
Atkinson said, think strategically about those issues. 

Mr. Holland. And if I could just tag onto Dr. Atkinson’s com- 
ments, I certainly don’t mean to give the impression that we don’t 
appreciate some of the groundbreaking work that has been done 
over the years from the Federal Government in the Silicon Valley. 
In fact, I will give you an example out of portfolio. There is a com- 
pany. I will mention the name of the company. It is Atheros Com- 
munications. I am going to guess that perhaps some of the people 
on this panel would know but most of the people in the public 
won’t know Atheros. When I tell you what they do, you will all 
know. This is a company that was funded, we funded it with 
$100,000 in 1997. There was a professor named Theresa Mung, 
first-generation Chinese, Ph.D. at Stanford University, and she had 
come up with an innovation in communications and we brought her 
into our group. We brought her whole lab over into our building. 
I will fast forward this. Eighty million dollars of private investment 
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later including some really interesting work early on with DARPA, 
and this company is now the inventor of what is now known as 
WiFi, so most of us now in our personal computers, when we fire 
up our personal computer, there is a wireless chip in it and it is 
almost guaranteed it is by this company called Atheros. The com- 
pany is worth several billion dollars and employs close to 10,000 
people. It integrates all the different things that we are talking 
about here today. I think that point that Dr. Breznitz is making 
about, I will describe that as a holistic and an integrated strategy. 
I think that is often really hard to do in this country but it is worth 
it in this case if we can find a way to do that. 

Mr. Smith. Anyone else? If not, thank you. 

Chairman Wu. Thank you very much. 

The gentleman from New Mexico, Mr. Lujan, for five minutes. 

Mr. Lujan. Mr. Chairman, thank you very much. I appreciate 
very much the conversation today and the emphasis on R&D, the 
emphasis with commercialization, but I am very concerned of the 
lack of mention of our national laboratories when we talk about 
commercialization, tech transfer, trying to understand what is not 
working there with legislation that has been brought forth in the 
past to create an environment such that tech can transfer and we 
can commercialize it, but we do know that we don’t see much of 
it. Back in the 1990s, we saw an acceleration that created the coop- 
erative research and development agreements with lack of utiliza- 
tion going into 2000 and 2001, and we need to figure out how to 
integrate them more into this and see how we can involve them. 

Dr. Atkinson, I very much appreciate that you did mention the 
national laboratories with your bullets that you highlighted. The 
one thing that I would ask is your perspective on how we can use 
our national laboratories as part of the nucleus for the regional in- 
novation clusters. As we all know, the national labs currently en- 
gage in a range of tech transfer activities but we still don’t see that 
strength, and you highlight with your first bullet to see what we 
can do to remove the restrictions on universities from having spe- 
cific commercialization objective. I wonder what your thoughts are 
around that, and also, Mr. Chopra, around what we could do with 
creating incentives so that we can see more commercialization and 
this kind of activity and even incentives for entrepreneurial lead so 
that way we can create certainty for companies that Mr. Holland 
would bring in, the scientists, the engineers, the physicists that 
help develop these ideas is able to partner with those entre- 
preneurs that have the ability to manufacture, and your thoughts 
on that. 

Dr. Atkinson. Excellent question and comment. We did a report 
last year with a colleague of ours at University of California Davis, 
Fred Bloch, and Fred did a report called “Where Do U.S. Innova- 
tions Come From,” and he did an analysis over 40 years with the 
top hundred innovations every year. What Fred and his team found 
was that Federal labs actually play a more important role than you 
think, that about two-thirds of award-winning innovations today, 
actually more than that, about 75 percent, come from collaborative 
partnerships. That is very different than 30 years ago when most 
innovations came from one company having it in their lab, figuring 
out how to do it and commercializing it. Today it is much more 
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about collaboration — SBIR award winners, Federal laboratories, 
universities, small businesses, big businesses. So in that new eco- 
system, Federal labs can play an important role. And we see that 
in New Mexico, for example, the Sandia Science Park, very effec- 
tive. There is an innovative approach to try to get some of those 
technologies out of there. 

I think we could do two things. One, in the 2005 energy bill, 
there was a provision put in there by Senator Bingaman, I believe 
Senator Domenici at the time, on a collaborative energy R&D tax 
credit so if you worked with a Federal laboratory, you are a com- 
pany and you worked with a Federal laboratory on energy R&D, 
you could get a more generous credit because the logic is, a lot of 
that benefit is going to spill over. A scientist at the lab will publish 
those results. I think we could just change that provision and say 
that any R&D done at a Federal laboratory by a company could get 
a more generous R&D tax credit. That would be one thing. I think 
the second part of this would be to make sure that any provisions 
or proposals that the Administration has or other proposals that 
try to engage universities in better efforts on technology transfer 
that we also apply that to Federal laboratories because there are 
certainly some Federal laboratories that have a lot of potential and 
could do a lot more. 

Mr. Lujan. I appreciate it. 

Mr. Chopra and Mr. Holland. 

Hon. Chopra. Let me begin by saying I hope I didn’t convey the 
impression that it was only a university focus. I think the Federal 
labs have a great deal to offer. In fact, I was with the Chief Tech- 
nology Officer at Procter and Gamble who has created a multi- 
million-dollar benefit out of a collaboration with Sandia itself. So 
we are seeing the same principles apply. Now, there are some pecu- 
liarities in how we promote bringing of industry relevance into re- 
search activities and so there are some processes that are different, 
but no, we are very much committed to servicing best practices and 
understanding what we can do to make it work. We are doing a 
deep dive on the experiment that had been done in the labs to 
bring in entrepreneurs and residents. It may not have achieved the 
results we had anticipated. The venture capital community partici- 
pated in that program. Trying to gather lessons learned and see 
how we can think anew. I was with Christina Johnson at the De- 
partment of Energy, very focused on this issue within the portfolio 
in collaboration with Koonan. So we are very much open and inter- 
ested to finding ways in which we can collaborate on best practices 
with the universities and Federal labs and see that as a strong en- 
gine of new ideas for the commercial sector. 

Mr. Lujan. And I apologize, Mr. Holland. My time has run short. 
Just quickly. 

Mr. Holland. So Representative Lujan, I think it is a good news/ 
bad news thing. The bad news aligns with the frustration that I 
heard in your question. The good news is, I think the venture in- 
dustry is waking up to the potential in the national labs so that 
the NVCA does clean tech road trips where we take 40 VCs out to 
Sandia, Enrel, Oak Ridge and Argonne, and a number of us, in- 
cluding me, have actually funded projects out of the labs. On the 
bad news side, we were one of the participants in the EIR [Entre- 
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preneur in Residence] program. We took a brilliant Ph.D. physicist, 
we embedded him in a national lab, not in your state, for a year. 
He looked at a thousand projects and at the end of that time period 
we concluded there were none that we could put venture money be- 
hind, that we had confidence would succeed, and so I think the 
issue there is, it goes back to your original question. There is a fun- 
damental disconnect, I think, between some of the activities in the 
work and their ability to apply those in a commercial realm, so 
there is sort of a bridge too far in some ways that we have to figure 
out. 

Mr. Lujan. And Mr. Chairman, I know my time is up, but if you 
give me the flexibility to — we mentioned this to Secretary Chu as 
far as how can we put these incentives in to create a stronger envi- 
ronment, and I will give you just a quick example. There was a 
brain imaging scientific exploration going on at Los Alamos Na- 
tional Laboratories. The spin-off was that we were as a result of 
what happened on the failed attempt on Christmas, we were able 
to take that brain imaging technology and use that magnetic reso- 
nance technology to now be able to put a molecular footprint on 
chemicals, liquids, materials that we could identify that could be 
harmful in a plane. Now, there may not be an obvious technology 
but the spin-offs are endless, and I certainly think that as we talk 
about the competitiveness of the United States, Mr. Chairman, 
that we need to look to see how we can include our national labs 
in this process and see how we can get this technology off the shelf 
and into the market. Thank you, Mr. Chairman. 

Chairman Wu. Mr. Lujan, always happy to give you a couple of 
additional minutes. You are a great representative for the country 
and especially those two national labs, absolutely wonderful. 

I was just stunned. I was in a conversation with some of the 
folks at Los Alamos recently and just as an aside asked how many 
Ph.D.s do you have there, and the fellow said 2,700. Absolutely 
stunning, and we need to build a different culture perhaps and do 
a better job of mining what is there. 

Dr. Kamlet, a couple of quick questions for you. I used to rep- 
resent folks doing spinouts. Most of the time I represented the in- 
stitution, and we engaged in protracted discussions about how to 
do the spinout, and at the risk of starving some future attorney 
families, you all have found an interesting way of doing business 
with this five percent go-in-peace policy. Have other universities 
adopted it? It apparently has worked well for you all. What is you 
evidence that it is causality rather than correlation in the step up 
in your spinouts, and just a couple of other questions, is it the de- 
crease in transactions cost or an important signal to your Pis or 
some of each of that? 

Dr. Kamlet. Well, first I should say, I mean, most of our tech- 
nologies are in the IT and engineering space and it is possible that 
other approaches in biotech would have to take other forms, but for 
us it has been transformational. When I came in as Provost ten 
years ago, the committee that had searched for the provost had 
identified tech transfer as the single most broken thing at Carnegie 
Mellon, and it is almost impossible to overstate the ill will that oc- 
curs when you start negotiating hard with your own faculty and 
the transaction costs are stupendous. We have found that the sim- 
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pie template, five percent go in peace, has made things very trans- 
parent. It has made things very quick. It has made things very mu- 
tually friendly on both sides between us and our faculty, and we 
know from advisory groups that come to evaluate different parts of 
campus that we are now seeing by the faculty, by the researchers 
as this being a competitive strength for Carnegie Mellon. It is 
something that attracts both students and faculty to us because we 
have these kinds of policies, and I think other universities have not 
adopted this very widely but we are on their radar screen and 
hopefully they will in the future. 

Chairman Wu. Terrific. Thank you. 

Mr. Holland, do you care to comment if you have had experience 
in negotiating with universities or research institutions and wheth- 
er that has been hard or easy? 

Mr. Holland. I guess I would say I think it is getting better in 
part because of the kind of innovation we are seeing from Dr. 
Kamlet and others. I think that we went through a period of time 
where nobody really knew how to do the dance and now we have 
kind of figured it out. We figured out the rules that make the most 
sense. We have been extraordinarily fortunate in terms of rolling 
projects directly out of university and having them be incredibly 
successful, and I won’t bore you with all the examples. I could give 
you six right off the top of the bat, and we are one of hundreds of 
venture firms. One that is notable is a company called Financial 
Engines. We funded that directly out of Nobel prize-winning work 
out of Stanford University. We took the professor and his top grad- 
uate student out and started this company back in 1996. Financial 
Engines creates these algorithms that are very interesting. They 
automatically help invest your retirement money. It is a lot more 
complicated than that but there are 58 patents associated with the 
work there. This is a company that took 13 years for us to get to 
the point where it could reach the public market. It went public 
two weeks ago on Monday and is now trading at about a $800 mil- 
lion market cap on NASDAQ so it is employing hundreds and hun- 
dreds of people, very high-quality jobs, and it was a research 
project directly out of a university, but as I can tell you, I can give 
you many, many more of those and I think, you know, quite frank- 
ly there are just some places that do it better than others. The 
schools that are represented on this panel do it very, very well. 

We were at Carnegie Mellon two weeks ago. We commissioned 
some work there, a study on some things that we can’t handle 
within our own firm on some algorithms we want to develop and 
so we spent a day at Carnegie Mellon, had a competition, had a 
bunch of students and faculty come forward with some great ideas. 
It was very cost-effective for us, so we love that type of collabora- 
tion. 

Chairman Wu. Great. Thank you very much. 

Dr. Kamlet, just very quickly, this project at Olympus and the 
entrepreneur in residence program, I am fascinated by that. How 
do you set that up and how do you select the people to participate? 

Dr. Kamlet. Well, the people who participate are self-selected 
but it is amazing how many of them respond incredibly well to a 
little bit of assistance. They didn’t see themselves necessarily as 
knowing how the dance works, so to speak, in terms of commer- 
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cialization and we have found both students and faculty to be enor- 
mously receptive. We have tried to create what you might call an 
entrepreneurial ecosystem trying to provide assistance across all 
the points in which faculty and students interface with us, and in 
terms of entrepreneurs in residence, it is a process that has worked 
amazingly smoothly. We have to find the funding for it, but we 
have a very good culture for welcoming some entrepreneurs. 

Chairman Wu. Thank you very much. Dr. Kamlet. 

I recognize the gentlelady from Maryland. 

Ms. Edwards. Thank you, Mr. Chairman. 

I want to go back to Dr. Atkinson. In your testimony you talked 
particularly about tax policy, and this isn’t the committee to do tax 
policy but it is actually important to our consideration about how 
we structure investments in innovation, and you talked about other 
countries and their tax policies that have elevated them to spur in- 
vestment, and one of our recommendations goes to a 30 percent 
credit around the idea of collaboration, which you have spoken to 
a great deal. I believe in investing in collaboration and I don’t 
think you necessarily get the kind of collaboration you want unless 
you do invest in it. But I wonder if there is a point in time or proc- 
ess or research at which it is important to scale up those invest- 
ments and collaboration as opposed to some other times because 
you could make those investments really early or allow for a 30 
percent credit early but it still doesn’t necessarily at the end prod- 
uct result in the kind of collaboration that you want to spur some- 
thing toward one form of innovation into the commercial sector. So 
I wonder if you can give us some ideas about that or what the limi- 
tations or hazards might be in putting in and enabling that kind 
of credit at the outset at such a substantial amount. 

Dr. Atkinson. Sure. I guess we do see that this notion of collabo- 
rative innovation systems is critical to driving high rates of innova- 
tion that are commercialized within the United States, and we 
need a multitude of different policies, and we have heard a lot of 
them today, different policies around how intellectual property is li- 
censed and different incentive policies and all. I do think the tax 
policy is one component of that. I don’t think in and of itself a col- 
laborative R&D tax credit is going to solve all the problems but I 
think it will help. Right now if a company wants to invest at Car- 
negie Mellon, and you have many, and there are at Georgia Tech 
as well, a lot of that research is going to be a benefit to everybody. 
So even though Google has a lablet there and Intel has a lablet 
there, the faculty aren’t prohibited from publishing articles. In fact, 
they do publish articles. So economists would call that knowledge 
has spilled over and other sort of free riders, if you will, can just 
take it and innovate. And so there is an underinvestment of indus- 
tries in university collaborative research, and to Mr. Lujan’s point, 
in Federal labs as well. So that is why we think that a tax credit 
could play an important role there. 

One of the nice things about that too, by the way, this wouldn’t 
involve the government picking a winner or a loser. If an industry 
and a university or a lab come together and they think there is 
something valuable in that partnership, they would be able to do 
that under the system. So I don’t really see a lot of risks with that 
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other than the risk of if we only did that, I think we wouldn’t do 
enough because you have to have a whole ecosystem. 

Ms. Edwards. And are there standards — and maybe, Mr. 
Chopra, you can answer this. Are there standards or principles 
that could be set so that when government makes grant-type in- 
vestments that you don’t just encourage collaboration but you actu- 
ally buy it? 

Hon. Chopra. Well, in fact, we make those judgments within the 
program areas, so let me answer your question in two parts. One 
example is health IT as a new research and development endeavor 
that was called for because of the Recovery Act, and because for 
health IT there is a closer gap between what is done in the re- 
search environment there and what could actually be seen in the 
hands of the software companies who produce the goods for doctors 
and hospitals. Collaboration was a requirement as part of the grant 
request and so there was an explicit notion there that you had to 
collaborate not only across research institutions but also with the 
private sector. So that is one. And two, and this is an important 
point and I think the term “innovation cluster” can be described in 
lots of ways. From a policy standpoint, there are program mission 
restrictions about what they should or shouldn’t fund, but what we 
tried to do to promote collaboration was to say if we could bring 
multiple agencies that have mission alignment around a particular 
policy objective — but come to it with their own perspectives — that 
we could actually achieve the kind of collaboration we are looking 
for without bearing all that burden on a single funded program 
area. 

So the reference we made earlier, maybe a month ago in Feb- 
ruary, the Department of Energy initiated an energy innovation 
hub on building efficiency, and we are scoped to make an invest- 
ment that looked like as defined in the program, but we wrapped 
around it the engineering research centers in the National Science 
Foundation. We wrapped around it Small Business Administration 
grant opportunities. We wrapped around it NIST opportunities to 
the Manufacturing Extension Program. So we stitched together 
seven Federal agencies who offered if an applicant could describe 
their approach to the innovation cluster, the collaboration that 
would help bring about the economic growth we would like to see 
out of the investment, they could apply for multiple buckets, in a 
sense, in a coordinated fashion. This is our first pilot of this regard. 

It seems that the demand out in the field is pretty high. We had 
a couple of public hearings about people’s interest in this. Normally 
you get 100 people to show up at these things. Four hundred-plus 
people showed up at the first of these to talk about how they could 
take advantage of this new initiative. As we see the results of this 
program, we might factor that into future activities. So some pro- 
grams will have more specific language about collaboration and the 
solicitations themselves. Others will take this collaborative ap- 
proach where they bring multiple agencies to the table to achieve 
the same goal. I am sure there is a better and cleaner and more 
efficient way of doing this but we are doing it within the con- 
straints of the current environment, and you all will, I am sure, en- 
gage on these issues during the course of your deliberations. 

Ms. Edwards. Thank you, Mr. Chairman. 



86 


Chairman Wu. Thank you, and thank you very much, Mr. 
Chopra. I saw that group of 400 individuals and it was an inter- 
esting gathering, and I just want to let you know that the folks 
that we brought together for our little regional application for that 
project, the red-team analysts commented that this is the most 
complex offering, shall we say, that they had ever seen, and I am 
not sure which way to take that, but 

Hon. Chopra. We are learning as we go, Mr. Chairman. 

Chairman Wu. Mr. Lujan for five minutes. 

Mr. Lujan. Mr. Chairman, thank you very much, and I just want 
to say, what a useful and very valuable discussion that this has 
been today to get some insight and especially the level of detail 
that you went to in the testimony that you submitted to us as well 
prior to this hearing. Very insightful. 

A very simple question directed to Mr. Chopra. It seems that a 
lot of the R&D directorates that we see with the Department of De- 
fense and DOE are top down that we push what we want to see 
but there are a lot of ideas that are percolating from the bottom 
up. What can we do or how can we work to create an environment 
that can support a lot of that as well to have some flexibility with 
those programs as well, which is those centers were originally cre- 
ated for but other programs that do exist for some of these collabo- 
rations to allow for that to happen? 

Hon. Chopra. Well, thank you very much. That happens to be 
an area that I have a great deal of passion for, which is balancing 
the top down from the bottom up, and here I would like to invoke 
the President’s open government initiative where we are trying to 
change the way Washington works by being much more trans- 
parent and collaborative and participatory so we can find great 
ideas from the bottom up and see that they have a chance to take 
hold, and this applies beyond R&D. This is a philosophy we are 
taking to every Federal agency. I will mark the date April 7th 
when each of the Federal agencies, the Cabinet agencies in par- 
ticular, will be publishing open government plans as directed by 
the directive that had been issued back in December. You will see 
a great deal of strategy in each of those plans outlining how agen- 
cies will service bottom up new ideas that can be implemented. 
Specifically, I will point to a line in that directive referencing 
prizes, competitions and challenges. 

When the President issued the open government directive, one of 
the key deliverables coming out of it was produced on March 8th, 
guidance from 0MB [Office of Management and Budget] to all Fed- 
eral agencies on how we can thoughtfully utilize prizes, competi- 
tions and challenges to do the kind of thing you are describing, 
bring ideas up that hadn’t been conceived and detailed require- 
ments that go over 500 pages of material where you know exactly 
what you are looking for. That is a culture change in Washington. 
I am not going to suggest it is going to happen immediately but we 
are starting to see the fruits of that activity. More and more of our 
agencies are thinking about ways that they can capture both front- 
line worker innovations, perhaps the Federal labs might be another 
example, as well as innovations out in the private sector. 

I will give you just one agency in particular, the Veterans Ad- 
ministration. They have been trying to get the claims backlog down 
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forever, and as many of us know, it is a top priority for nearly 
every presidency is to serve our veterans at the highest standards 
yet the claims backlog continues. President Obama in August said 
“I want the 19,000 frontline workers to give us your best ideas.” 
We ran a business plan competition, picked the 10 best. Those are 
being implemented as we speak, but a gentleman from Togus, 
Maine had a simple idea that didn’t cost us a nickel to restructure 
our performance measures so that we could create a culture of ac- 
countability for results. He wouldn’t know that his idea would go 
anywhere. Togus, Maine put it in their business plan, came down 
to Washington, made the pitch. Secretary Shinseki said yes, this is 
it. They are now executing, and by July that will be implemented 
at zero additional cost. So we are going to do this, I hope, in every 
one of our agencies. 

Mr. Lujan. I appreciate that. 

And Mr. Holland, and this goes for the entire panel, I am very 
interested in getting whatever analysis was conducted with that 
pilot project that you engaged with, with working with the national 
laboratories to see what failed, and for that matter, hearing from 
any companies that you have worked with or that are out there 
that have positive stories and negative stories so that we can see 
what we can do to learn from that and see how we can integrate 
that to make a much more friendly environment to allow for this 
to move forward. 

Mr. Holland. Given the nature of the time constraints, we have 
other more positive stories to share and I am happy to take those 
offline with you. One is around some of the work at Oak Ridge 
around their energy efficiency smart homes, and our clean tech 
practice at the foundation happens to specialize in energy effi- 
ciency, smart grids, smart materials. So one of our companies has 
their windows installed in this smart home. The windows are actu- 
ally manufactured in Pittsburgh, just outside of Pittsburgh. But we 
have got great stories around that type of thing. But the bottoms- 
up nature of what you are talking about is a huge issue for us. It 
is what we call deal flow, and it is actually probably the most im- 
portant thing in our industry. 

One of the things that we are working on now, and you all, 
thank you for so many things about this meeting but one is, you 
saved me a couple plane flights because we are going to be hitting 
up our friends at Carnegie Mellon and Georgia Tech to participate 
in a program that we are going to start, having us basically hire 
students to be campus reps, and we want those campus reps to be 
the equivalent of kind of little miniature AW ACS [Airborne Warn- 
ing and Control System] planes. We want them sort of buzzing 
around the area and notifying us when they see something that 
looks interesting, looks like it could be a good project. A project can 
come from anywhere. It could come from the university, come from 
the local area. We are looking very closely at a company in Pitts- 
burgh called Mod Cloth right now that was funded out of two stu- 
dents that happened to be married who were undergraduates at 
Carnegie Mellon. That is the kind of stuff that we live and breathe 
for, so we are very interested in this whole notion of bottom up and 
we are spending a lot of time on it. 

Mr. Lujan. Thank you. 
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Thank you, Mr. Chairman. 

Chairman Wu. Thank you very much. 

Mr. Holland, we read your materials about facilitating collabora- 
tion and we acted on it promptly. 

Three very, very quick questions. I hope to get this in in my last 
five minutes. Dr. Kamlet, you suggest, and I think a couple other 
people also suggested, that there are some funding issues. The 
Technology Innovation Program and SBIR don’t cover the spectrum 
of taking a product from the lab to commercialization and that we 
need to address earlier as well as later funding, if we could quickly 
tap on that and then move on. 

Dr. Kamlet. Yes. The government’s main role of course is in the 
domain of basic research but it is also the case that before Mr. Hol- 
land and his organizations can take a product, it has to reach a 
certain potential in terms of commercial capability and have pro- 
gressed to the point in which there is a clear functionality and in- 
tellectual property and so forth, and it is really before something 
is ready for an SBIR or for venture funding because that requires 
a company to already have been formed. That chasm exists, and in 
order to get the most mileage from the basic research to translate 
into commercialization, spending some attention on trying to find 
funding mechanisms to take not large amounts, $50,000, $100,000. 
There should be a lot of accountability attached to it but that is a 
current gap in which unless we find funding from foundations or 
conceivably do it ourselves, there is no basis in the ecosystem and 
the American structure and the universities to fund those kinds of 
things. 

Chairman Wu. Well, shoot, you know, maybe the feds can just 
match what Carnegie Mellon is willing to put on the table in terms 
of indirect cost recovery funds. 

Dr. Kamlet. Well, we can talk. 

Chairman Wu. If no one else wants to comment on that. Dr. At- 
kinson, you and Dr. Breznitz mentioned that some of our innova- 
tion is perhaps better done at the state level or that coordination 
is better done at the state level, and I wanted you to address that 
a little bit further because quite frankly, that is something that I 
have not focused on despite all the activity that has been going on 
in my neck of the woods with Onami and others. 

Dr. Atkinson. Sure. Within the last perhaps 15 years, I think 
one of the biggest changes in the U.S. innovation system is that 
virtually every state has developed some programs and policies to 
spur technology-based economic development, and it is completely 
divorced from party lines so Republican governors do this just as 
actively as Democratic governors. The big problem with that, 
though, is that the incentive for them is limited because sometimes 
it takes innovation policies five to ten years to pay off. I don’t think 
a lot of governors are thinking five to ten years down the line. Of- 
tentimes they have to worry about their reelection. And secondly, 
a lot of these policies sometimes will spill over into other states. 
So our view is that the United States is so big — Dr. Breznitz men- 
tioned Finland, great, interesting programs there. They are sort of 
like a state. The United States is so big that we can’t really have 
a national innovation system that is completely run from Wash- 
ington. The people who are running the technology group in Pitts- 
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burgh that the state helps fund, they know about these projects in 
Pittsburgh pretty well but I don’t think Washington knows about 
them. Same thing in Portland. That is why Oregon has a program 
like that. So the problem though, is that these programs are under- 
funded, and if the Federal Government could support them in a 
more systemic way and tie them also to the development of long- 
term strategies around innovation, as you. Dr. Breznitz, have al- 
luded to in your testimony, I think that would really go a long way. 
I think we have an undervalued resource here as partners with the 
states and it is, I think, time for a Federal-state innovation part- 
nership. 

Dr. Breznitz. Thank you for this question since, as you know, 
I am very much interested in this. I can give an example from 
Georgia, so for example, we conducted a study at Georgia Tech 
about what happens to a cluster of high-tech industries in Atlanta 
and we found out it is stagnant, so it grew and then it is stagnant 
for about ten years, and we tried to figure out what it is. Money? 
No. Good people? No. We found out it is basically a secret sauce 
of Silicon Valley, collaboration. Companies do not collaborate. And 
in order to make the Atlanta cluster better, therefore you had to 
have a program that understands how to connect the actors within 
the Atlanta region. This is something that the Federal Government 
can’t even know and therefore we need to go to the state levels if 
we talked about bottom-up ideas and understand what some of the 
limits, constraints, ideas that they have and we can probably do 
that as the Honorable Chopra said by giving competitions. If you 
want to have a really innovative idea to look for your region and 
your city, you have to submit a proposal for a competition and the 
Federal Government can give you a certain amount of money or tax 
credits and make it happen. An experiment that works can be rep- 
licated and the Federal Government can make sure that if you 
want to do semiconductors, which is all around the Nation, and 
have three or four of those competitions, you can coordinate with 
them and that way we can bring the forces and the knowledge from 
the bottom up and from the Federal Government and have a na- 
tional strategy at the same time. 

Chairman Wu. Terrific. Thank you. My understanding is that 
there are no more questions form the panel except for this last one 
from me. Lessons from DARPA, ARPA-E and NASA. Many people 
have talked about the good model that DARPA has provided. 
DARPA and NASA were started at about the same time, and we 
might have some lessons about how each has or has not spurred 
private sector innovation, and finally, our experience to date with 
ARPA-E. I don’t know if we have had enough run time to draw any 
conclusions but if the panel would like to comment on at least 
these three organizations and their effect on innovation in America. 

Hon. Chopra. You know, I would not want to speak for the direc- 
tors of the programs that you have referenced to describe their suc- 
cess, but I will tell you from my vantage point, a key to their suc- 
cess is understanding a problem that they wanted to solve. When 
you have a problem, an itch you are trying to scratch, a problem 
you are trying to solve, you can be much more effective in bringing 
together an ecosystem to help you address the particular problem 
that you are looking to solve. That is, in a sense, that equation of 
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ideas and relevance equals innovation. So I think a key in DARPA 
in particular and NASA as well, it is really early in ARPA-E but 
it is part of the DNA there, is a really thoughtful understanding 
of the problem. That allows there to be a creative approach to tack- 
ling that problem and that I think has been much more effective 
to produce relevant ideas that hopefully have the ability to trans- 
late in the commercial sector. 

Dr. Atkinson. I will just make one comment, there was a report 
that we had an event on with a Carnegie Mellon professor. Erica 
Euchs, who is an engineering and also public policy professor, and 
she has done a very in-depth study of DARPA over the long history 
of DARPA and when it was more successful and less successful at 
spurring innovation sort of beyond just the Defense Department. 
And what she found was that DARPA was most successful when 
it didn’t just focus on their narrow mission and it had a more 
broader and expansive role, also going to Mr. Chopra’s point about 
still had focus but it wasn’t just we are trying to do this very nar- 
row thing. So I think that is important for an agency like DARPA 
or ARPA-E to maintain that somewhat broader focus on spurring 
innovation, and DARPA has been able to do that sometimes quite 
successfully and other times less successfully. 

The last point I will make is, one of the things that I do think, 
though, it is important to recognize that there are innovation chal- 
lenges in the United States that aren’t related only to mission 
needs, and I think that is a big gap that we have and other coun- 
tries — talk about a leader is Taiwan. I mean, they really are fo- 
cused on some technologies that are driving their economy and 
have been quite successful but aren’t really related to national gov- 
ernment mission needs. 

Dr. Breznitz. On that point, two remarks. I think DARPA — and 
I know Erica very well. We have been officemates at MIT when we 
were both slightly less young. DARPA was very, very successful 
when it managed to become a facilitator for private actors and uni- 
versities to work together and come up with great ideas and fund 
them to do research that otherwise would not have been funded. 
When it saw its main role in creating those networks, making them 
happen and letting them run, it was amazingly successful. And the 
same goes for Taiwan. When Taiwan was amazingly successful as 
a research foundation, very similar to a national lab, in creating 
the private industry — the most famous one is semiconductors — is 
when it understood what its main role and its main metrics and 
benchmarks would be the creation of new companies that brings on 
billions and come up from new ideas and new collaboration with 
itself, universities and private entrepreneurs, and I think that is 
part of a facilitating role of the Eederal Government that I would 
like to see more of. 

Chairman Wu. Terrific. Thank you all very much. This has been 
such an important discussion. I just wish that it had the draw of, 
say, doing a hearing on steroids in baseball. But putting the econ- 
omy on steroids just doesn’t have the same draw. 

I very much share with you all the view that America’s best days 
are ahead. The balance with that sort of quintessentially American 
optimism about the future, I think it also behooves us to look over 
our shoulder. A few years ago when I was visiting China, and I vis- 
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ited a number of research institution and universities, but I also 
took the time to visit a high school, and we had a vigorous discus- 
sion there. It was absolutely terrific. It was very similar to the dis- 
cussions that I have with high school students at home in Oregon. 
But the question that came up that I want to recall now is this 
Chinese high school student asked me what do you think is Amer- 
ica’s greatest strength, and I thought about it for a second and I 
said well, actually paranoia, paranoia about whether we are stay- 
ing ahead, whether someone is catching up, and I think that some- 
times we can overplay that concern and that can infect our opti- 
mism in negative ways and we should not have either a blind opti- 
mism or blind paranoia, and striking that balance is a very impor- 
tant role for anyone who leads the public, and I think that we all 
have an important role to play in that. 

Again, I want to thank you all for appearing before this Sub- 
committee. I view this as part of a continuing dialog and look for- 
ward to looking for both legislative opportunities and convening op- 
portunities and other opportunities to push our agenda forward in 
stimulating innovation in America. 

The record will remain open for two weeks for additional state- 
ments from the Members and for questions to the witnesses. 

The witnesses are excused. Thank you very much. The hearing 
is now adjourned. 

[Whereupon, at 12:24 p.m., the Subcommittee was adjourned.] 
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